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ANNUAL CONVENTION. 


The annual convention of the New England Water Works 
Association will held in Burlington, Vt., on the 11th, 12th and 
13th of September, 1895, 


The programme, to be announced later, consists of papers of the 
usual interest, carriage rides in Burlington and vicinity and a sail 


on Lake Champlain with a visit to Ausable Chasm. 


More than the usual effort will be made to entertain the ladies 


and a large attendance is expected. 


Ample provision will be made for the exhibit of Water Works 


supplies. 
J.C. WHITNEY, Secretary, 


West Newton, Mass. 
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NEW ENGLAND WATER WORKS ASSOCIATION. 


ORGANIZED 1882. 


Vol. IX. June, 1895. No. 4. 


This Association, as a Body, is not responsible for the statements or opinions of any 
of ils members. 


ADJOURNED MEETING. 


Younae’s Hoter, Boston, Mass., February 13, 1895. 
The following members and guests were present : - 


MEMBERS. 


E. L. Abbott, Boston, Mass.; Charles H. Baldwin, Boston, Mass.; Lewis 
M. Bancroft, Reading, Mass. ; George E. Batchelder, Worcester, Mass.; Joseph 
E. Beals, Middleboro, Mass.; George Bowers, Lowell, Mass.; Dexter Brackett, 
Boston, Mass.; Arthur W. F. Brown, Fitchburg, Mass.; George F. Chace, Taun- 
ton, Mass.; E. J. Chadbourne, Wakefield, Mass.; John O. Chase, Wilmington, 
N.C.; William F. Codd, Nantucket, Mass.; F. C. Coffin, Boston, Mass.; R. C. 
P. Coggeshall, New Bedford, Mass.; George K. Crandall, New London, Conn.; 
George E. Evans, Boston, Mass.; Desmond FitzGerald, Brookline, Mass.; F. F. 
Forbes, Brookline, Mass.; Z. R. Forbes, Brookline, Mass, ; F. L. Fuller, Boston, 
Mass.; L. L. Gerry, Stoneham, Mass.; Albert S. Glover, Boston, Mass.; Frank 
E. Hall, Quincy, Mass.; George W. Harrington, Wakefield, Mass.; John L. 
Harrington, Cambridge, Mass.; William E. Hawks, Bennington, Vt.; Allen 
Hazen, Boston, Mass.; H. G. Holden, Nashua, N. H.; H. N. Hyde, Newton- | 
ville, Mass.; George A. Kimball, Boston, Mass.; J. W. Locke, Brockton, Mass. ; =: 
William J. Luther, Attleboro, Mass.; William McNally, Marlboro, Mass.; | 
Thomas Naylor, Maynard, Mass.; Albert F. Noyes, Boston, Masr.; John H, 
Perkins, Watertown, Mass.; Edward H, Phipps, New Haven, Conn.; Dwight 
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Porter, Boston, Mass.; George S. Rice, Boston, Mass.; H. E. Royce, Brookline, 
Mass.; W. H. Richards, New London, Conn.; George J. Ries, Weymouth 
Centre, Mass.; Daniel Russell, Everett, Mass.; Caleb M. Saville, Malden, Mass. ; 
F. J. Shepard, Derry, N. H.; H. O. Smith, Leicester, Mass.; George A. Stacy, 
Marlborough, Mass.; Edwin A. Taylor, Boston, Mass.; Lucian A. Taylor, Bos- 
ton, Mass.; Robert J. Thomas, Lowell, Mass.; William H. Thomas, Hingham, 
Mass.; M. M. Tidd, Boston, Mass.; D. N. Tower, Cohasset, Mass.; W. H. 
Vaughn, Wellesley Hills, Mass.; George C. Whipple, Brighton, Mass.; Horace 
B. Winship, Norwich, Conn.; George E. Winslow, Waltham, Mass.; E. T. 
Wiswall, West Newton, Mass.; Henry B. Wood, Boston, Mass.; E. Worthington, 
Jr., Boston, Mass.; James M. Betton, Boston, Mass,; A. H. Broderick, Chad- 
wick Lead Works, Boston, Mass.; E. L. Ross, Chapman Valve Manufacturing 
Co., Indian Orchard, Mass.; Z. E. Coffin, Coffin Valve Co., Boston, Mass.; F. 
H. Hayes, Deane Steam Pump Co., Holyoke, Mass.; Charles H. Eglee, Flushing, 
N. Y.; N. N. Libbey, Gilchrist & Taylor, Boston, Mass.; S. Harrison, Hersey 
Manufacturing Co., South Boston, Mass.; W. W. Wilson, Holyoke Hydrant 
and Iron Works, Holyoke, Mass.; Henry F. Jenks, Pawtucket, R. I.; Wilmer 
Reed, McNeal Pipe and Foundry Co., Burlington, N. J.; B. G. Russell, Secre- 
tary Peet Valve Co., Boston, Mass.; H. L. Bond, Perrin, Seamans & Co., Bos- 
ton, Mass.; H. H, Kinsey, Rensselaer Manufacturing Co., Troy, N. Y.; W. H. 
Van Winkle, A. P. Smith, Newark, N. J.; Franklin A. Snow, Providence, R. I.; 
H. B. Temby, Boston, Mass.; J. R. K. Otis, Union Water Meter Co., Worcester, _ 
Mass., Jesse Garrett, R. D. Wood & Co., Philadelphia, Pa. 


GUESTS, 


J. A. Beech, Taunton, Mass,; M. F. Brennan, Lowell, Mass.; J. E. Bunting, 
Cambridge, Mass.; E. W. Bush, Waterbury, Conn.; Henry A. Cutter, Nashua, 
N. H.; F. G. Perry, Pawtucket, R. I.; M. J. Doyle, Lowell, Mass.; A. A. For- 
bes, Pittsfield, Mass.; George Goodline, Concord, N. H.; Weston Lewis, Gard- 
ner, Me.; F. H. Parker, Burlington, Vt.; George E. Putnam, Lowell, Mass.; 
A. H. Sweet, Norton, Mass.; S. H. Taylor, New Bedford, Mass. 


The following applications for resident active membership were received : A. 
G. Bancroft, Civil Engineer, Reading, Mass.; F. G. Perry, Assistant Commis- 
sioner Public Works, Pawtucket, R. I.; F. L. Taylor, Engineer Brookline Water 
Works, Brookline, Mass.; 8S. G. Armstrong, Civil Engineer, Cambridge, Mass.; 
Edward W. Bush, Civil Engineer, Waterbury, Conn.; A. A. Forbes, Engineer 
Board of Public Works, Pittsfield, Mass.; R. A. Cairns, City Engineer, Water- 
bury, Conn.; J. Albert Welch, Meter Inspector, Taunton, Mass. 

On motion of Mr. Coggeshall, it was voted that the Se 2tary be instructed 
to cast one ballot for the candidates, and the Secretary having performed this 
duty, reported that the candidates named were elected. 

Mr. Brackett, Secretary pro tem, reported that the committee appointed at 
the last meeting to consider the question of the election of a Secretary for 
the balance of the year had nominated for that office Mr. J, C, Whitney of 
Newton. 
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The report was accepted and the Secretary was instructed by unanimous vote 
of the Association to cast a ballot for J. C. Whitney as Secretary of the Associa- 
tion for the unexpired term. 

The Secretary pro tem performed the duty assigned and announced the fact 
that Mr. J. C. Whitney had been elected Secretary of the Association for the 
balance of the year. 

Mr. G. C. Whipple, of the Boston Water Works, read a paper upon ‘‘Some 
Observations on the Temperature of Surface Waters and the Effect of Tem- 
perature on the Growth of Micro-Organisms.”’ 

The paper was discussed by Messrs. FitzGerald, Forbes, Winslow, Porter, 
Chace and Stacy. 

Mr. A. W. F. Brown, of Fitchburg, read a paper describing a ‘‘ Card System of 
Service Pipe Locations,” which was discussed by Mr. Chase. 

Mr. Beals, of Middleboro, exhibited and described the advantages of a ladle 
which he had used for carrying lead. 

Mr. Coggeshall presented, as a topic for discussion, the following letter which 
he had received from the Department of Public Works in Providence : 


‘*DePaRTMENT OF Pusiic Works, 
Commissioner’s Orrice, Crry Hatt, 
Provipence, R. I., January 3, 1895. 


Superintendent of Water Works, New Bedford, Mass. 


Dear Simm: Recent requirements of insurance companies in the matter of 
private fire supplies call for a careful consideration of the important question 
of permitting, in accordance with their rules, the connection to private fire 
supplies of steam pumps that are not supplied with city water but are supplied 
from some source, contaminated or otherwise, independent of the city water 
mains. Dependence is placed upon the uncertain action off a check valve to 
prevent the dangerous pollution of the water in the city mains. 

Another matter of not so much importance is the plan of running private 
fire supplies through private buildings, frequently without the knowledge or 
consent of the water department, and connecting one district of water mains 
with another district. This increases the liabilities of the city on account of 
damages occasioned by delay in closing a district of water mains when a break 
has occurred in one of the mains, 

As it isa subject in which all water departments are mutually interested, 
we inclose a list of questions answered in accordance with the rules and regu- 
lations of this department governing the matter, and also a duplicate list which 
if you will kindly answer, the information will be greatly appreciated.” 

The circular is signed by Robert E, Smith, commissioner of public works. 

Then the questions were : 

‘*1, Are private fire supplies permitted, and under what restrictions? 
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A. Yes. On condition that water shall be used for no purpose other than 
fires, 

2. What rate, if any, is charged ? 

A. No charge. 

3. Is more than one private fire connection from the street main permitted 
to a building? 

A. Two supplies are allowed. 

4. When a building fronts on two or more streets is it allowable to run a 
private fire connection from each street and connect them together so as to 
afford circulation through the building from one street to another ? 

A. Yes, but only two connections allowed. 

5. In order to increase the pressure on a private fire supply is it allowable 
to connect a steam pump not supplied with city water but with water taken 
from a tank, cistern, or some source other than the city water mains, but so 
arranged that one or both kinds of water may be sent through the pipes ? 

A. Not allowed, unless the steam pump is connected with city water and 
none other. 

6. If allowable, what device is required to prevent such water from being 
forced into the distribution mains and polluting the water in the mains ? 

A. The insurance companies use check valves, but this department claims 
that where the supply for steam pumps is polluted the check-valve is not suffi- 
cient to prevent the water in the mains being defiled. 

7. Have you observed any violations of rules governing private fire supplies, 
such as the use of water from same for general purposes without permission, 
especially when meters are set to register water used for general purposes ? 

A. Use of water from private fire supplies without permission has been 
quite frequent and to prevent same all outlets from private fire supplies have 
been sealed and are occasionally inspected.” 

Mr. Coccrsuaty. In the city which I represent there are a number of very 
large mills. Each is provided with one or more large supply pipes which main- 
tain a constant pressure upon the sprinklers and hydrants. A check valve is 
placed in this supply pipe opening inward just beyond the controlling gate 
where it leaves the city main. Then by means of a steam pump placed near 
the engine room of the mill salt water may be forced against this check valve 
and thus the pressure upon both sprinkler and hydrants may be raised say 30 
pounds above the normal city pressure. 

At a mill fire a few years since the sprinklers worked all right and the steam 
pumps of the mill were soon started up. It was assumed of course that the 
check valve would close and that the supply to sprinklers would be wholly cared 
for by the mill pump. But here was a case where the check failed to operate. 

Soon after the arrival of the fire department one of the fire engineers said to 
me: ‘‘ Let us go into the office and get a drink of water.” He turned on a faucet 
and it was amusing to see him turn himself inside out when he went to drink 
the water. Just about that time word came down that all the steamers were 
thrown out of commission on account of trouble with salt water which had 
been forced into the city mains. I immediately sized up the situation and 
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went down and stopped the steam pump. The fire did not amount to much, 
but if it had, of course every steamer there would have been thrown out of ser- 
vice as the salt water had caused foaming in the boilers of the steamers. The 
question is, what is to be done in such acase? It seems as though a check 
valve cannot be altogether depended upon. I would like to hear the expression 
of others on this point. Since that fire we have carefully examined every check 
valve connected with our distributing system, and we found three in a condi- 
tion where they would not operate in case of a supply being forced from the 
steam pump. I presume the reason 1s because the water is always going one 
way, and it is very seldom that they operate the pumps against the check valve. 
The valves were found opened as widely as possible and such a large amount of 
vegetable deposit had collected and hardened that it was impossible for the 
valve to change its position in the least. It was necessary to remove all the 
sediment thus collected before the valve could be operated in the least. 


Mr. Tripp. I would like to ask the gentleman how a check valve could stand 
that way without the engineer knowing it. 


Mr. CoccssHatyu. In the case just stated it seems that the engineer did know 
that something was wrong, because he had attempted to raise the pressure and 
was unable to do so, but he refrained from saying anything about it until we 
discovered the trouble. The mill people are supposed to make frequent trials 
of their facilities, but in the case just reported it was simply impossible for 
them to obtain heir fire pressure, for the checks were stuck fast wide open and 
they were engaged in pumping undesirable water into the city mains. 


Mr. Tipp. Well, it shows conclusively that no attention whatever was paid 
to the condition of the valves, and it seems to me the insurance people were 
pretty lax in the matter. 

Mr. CoccrsHatu. That is the point. 


Mr. Cuasz. I am inclined to think that there is no better or more efficient 
way of arranging a fire supply than by having check valves, using a reasonable 
amount of attention to assure that they are kept in order. I have had some 
experience with the arrangement that Mr. Coggeshall speaks of, and have had 
no trouble whatever. For example, we have on our main that supplies the stand- 
pipe, a check valve constructed according to a device that Lapprove. The valve 
portion instead of swinging on the pin of the valve is fastened toit. The hinge 
pin is extended through a stuffing box in the side of the valve and has a lever 
attached to it, somewhat similar to the construction of the Goldsmith Steam 
Valve. The valve is ordinarily held open by a wire cord running some 200 feet 
to the pumping station, and the water flows in and out of the standpipe freely. 
When an alarm of fire comes and it is desired to shut off the standpipe to raise 
the pressure, the engineer steps to the hook, and drops the check valve. This 
has been used for eight years, probably sixty times during every year, and it 
hasn’t stuck once during that time, I think that all owners of buildings 
depending on water works for fire protection, should have a supply from two 
streets, if it can be obtained. Then they are sure of a supply if the supply in 
one street is shut off. In these cases two check valves are put in, opening in- 
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ward, one from each street. We have had no complaint of water passing 
through. The check valves of our pumps have never given any trouble. I 
think that any of the superintendents here who do steam pumping will find that 
the check valve is kept in order as easily as any part of the pumping machinery, 
and I think that any difficulty found with check valves can be easily remedied. 
Mr. CocersHatt, I don’t see any reason why a check valve under the 
conditions Mr. Chase refers to should not work, as it is used a number of 
times during each year. The check valves connected with our pumping station 
give notrouble. But what I refer to is one of these independent mill supplies, 
where there is a check valve on one line of pipe that is only used in one way 
perhaps for a year or two years before it is ever tried in the other direction. 


Mr, Cuasz. A word further. I cannot see how a check valve could be on 
any line of pipe that is used at all without being in action. The normal condi- 
tion of a check valve is closed. As soon as any water is drawn it begins to 
open slightly. Now, if there is any defect in it so that it is held wide open in 
some way, of course it will not shut when the pressure is reversed. But if it 
shuts at all I should think it would open and shut with the utmost freedom, 
no matter when the pressure was reversed. In fact, in all these cases the pres- 
sure is reversed when the flow of water ceases ; the static pressure inside closes 
the valve. I think check valves are usually as reliable as any other piece of 
mechanism. 

Mr. CoacesHatt, I would say that all that argument seems perfectly 
logical and perfectly correct. Nevertheless, I have found this year three check 
valves wide open, just as if they were fastened. 

Mr. Tipp. There is nosimpler mechanism than a check valve. Itis the 
most simple device that can be imagined for opening and shutting in a direct 
line. It must open when water passes through it and when it stops it must 
close. I would as soon think of finding a pump without a cylinder as a check 
valve that wouldn’t work. It shows gross negligence on someone’s part. Cer- 
tainly there is no inherent defect in the principle of the check valve. 

Mr. CoccgsHaty. There is one corporation in New Bedford that has eight 
6-inch connections, two 8-inch connections, and somewhere from a dozen to 
fifteen check valves in different parts of the system. 

Mr. Tip. I would like to ask Mr. Coggeshall who made those check valves, 
and whether they were made of iron or composition in the wearing parts ? 

Mr. Composition. I wouldn't like to tell the name. They are 
recognized as being as good as any make, 

Mr. Tipp. I use a great many check valves. I have been using them for 
thirty years, both large and small ones, and never had any trouble with them. 

Mr. CoccrsHatt. I never would have any trouble with them if they were in 
connection with the system itself, and on the mains, of which we have the care. 
It is simply because they are supposed to be cared for by the mill people and 
inside of their property that this thing happens, and for our own protection we 
are now overhauling them ourselves. 
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Mr. Tipp. I had the impression that the insurance peopie were sensitive on 
that point and looked after those things pretty sharp. Somebody has been lax 
in duty. 

Mr. Brown. Speaking for Fitchburg, we have numerous check valves, all 
iron except the linings. There is a check valve on each service. Many of them 
that we haven’t seen for a good while. We suppose they work all right, as we 
have no trouble when water is shut off. 

Mr. CoccrsHatt. This question came up in the city of Providence. The 
city of Providence do not allow a connection in any mill or anywhere else where 
there is a supply other than the city water to come back upon it by a check 
valve. The insurance companies, I guess, have been stirring them up, and that 
is the reason they have issued this circular at this time. I would state to Mr. 
Brown the manner in which I found out and located two check valves that 
didn’t work. There were two mills in our city located side by side, but taking 
their supplies from different streets. The two supplies are connected that the 
fire pumps may operate on the systems of both mills. Two check valves, open- 
ing inward from each street was provided. It was noticed that tlie meter of one 
mill registered an unusual amount, while the other gradually diminished, until 
finally is commenced to run backwards. Then suspicion for the cause of the 
trouble pointed to the check valve and both checks were found wide open and 
in a manner where it was simply impossible for the valve to change its position. 

Mr. Cuase, They must use a tremendous amount of water there if it is hung 
up all the time. That may account for where some of the waste goes to. 

Mr. Brown. Would it not make a difference in Mr. Coggeshall’s case, there 
being a sait water supply for pumps, instead of the fresh water that most of 
us have? That might account for the valve being hung up. 

Mr. Bracxett.—I think the use of salt water may perhaps be the reason why 
he discovered that the valves were out of order, when others of us might not. 

Mr. CocersHatt.—That is just exactly the point, and that is the reason I 
brought the question to your attention. 


Mr. William H. Thomas presented a paper written by the late Chas. W. S. 
Seymour* enlitled ‘‘An Experience with Anchor Ice and a Pressure Gauge.” 


Tar or Suppiyinc WarTER IN ADJOINING Towns. 


Mr. Bracxetr.—A modest member has handed me a question to propound. 
A man owns several tenements occupied by stores, families and boarding 
houses, on a lot through which the town line passes, part of the premises sup- 
plied being in each of the two towns. He now uses water from one town on 
the whole premises. Has he a right todoso? He applies for water from the 
other town to supply the whole premises, shutting off the first supply. Has 
the second town a right to grant his request? Has the owner the right to use 
water from either town on bis premises in the other town ? 


*See Vol. VIII, page 108. 
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Tar Presrpent.—Can any member answer these questions ? 

Mr. Funuer.—Mr. President. At Methuen we have a case somewhat similar 
to this. The Arlington Mills are situated partly in the city of Lawrence and 
partly in the town of Methuen, and the pressure given by the Methuen works 
is considerably greater and the water probably somewhat better. They 
desired to take water from the Methuen works and the pipes were laid, and I 
suppose that they have carried their own pipes through their own property to 
the adjoining city of Lawrence. This same question has arisen as to the 
legality of the town of Methuen supplying water which will go to the city of 
Lawrence, but I do not know how the question has been settled. Mr. Mann, 
one of the water commissioners is here, and perhaps he can tell us what the 
condition of things is at present. I suppose where a charter is granted to sup- 
ply a town and its inhabitants with water, that the water is expected to go no. 
farther. Of course the point comes up that these people pay for the water 
and take it. For instance, in this case in the town of Methuen, they havea 
right to use it on their own premises. But I think it is rather a perplexing 
question, and I don’t know how it could be settled legally. The Lawrence 
people object to Methuen’s furnishing all the water that the Arlington Mills 
use. 

Mr. Mann.—Mr. President. I don’t know that I can give you any light on 
how the matter was settled. Mr. Fuller has spoken about the case of the 
Arlington Mills. I know that the town of Methuen has not put any pipes in 
Lawrence, and the mills propose to run water in through their pipes. If the 
Arlington Mills go into Methuen and take water from their own ground, it is a 
question for a bigger head than mine to solve whether they have a right to use 
water on their own ground. That is a question that I, for one, should like to 
see answered. 


Adjourned at 4:15 p. m., on motion of Mr. Coggeshall. 


QUARTERLY MEETING. 
Youne’s Horst, Boston, Mass., March 13, 1895. 


- The following members and guests were present : 


MEMBERS, 


Everett L. Abbott, Boston, Mass.; Chas. H. Baldwin, Boston, Mass.; Geo. E. 
Batchelder, Worcester, Mass.; Jas. E. Beals, Middleboro, Mass.; Dexter Brack- 
ett, Boston, Mass.; A. W. F. Brown, Fitchburg, Mass.; Edward W. Bush, 
Waterbury, Conn.; Geo. F. Chace, Taunton, Mass.; Chas, E. Chandler, Nor- 
wich, Conn.; John C. Chase, Wilmington, N. C.; Harry W. Clark, Lawrence, 
Mass.; Freeman C. Coffin, Boston, Mass.; R. C. P. Coggeshall, New Bedford, 
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Mass.; Byron I. Cook, Woonsocket, R. I.; F. H. Crandall, Burlington, Vt.; Geo. 
K. Crandall, New London, Ct.; John W. Ellis, Woonsocket, R. I.: B. R. Felton, 
Marlboro, Mass.; F. F. Forbes, Brookline, Mass.; Frank L. Fuller, Boston, 
Mass.; X. H. Goodnough, Boston, Mass.: F. W. Gow, Medford, Mass.; Wm. 
R. Grace, Rockland, Mass.; E. A. W. Hammatt, Boston, Mass.; John C. Has- 
kell, Lynn, Mass.; Frank E. Hall, Quincy, Mass.; V. C. Hastings, Concord, N. 
H.; T. G. Hazard, Jr., Narragansett Pier, R. I.; Allen Hazen, Boston, Mass.; 
Horace G. Holden, Nashua, N. H.; Willard Kent, Woonsocket, R. I.; Jas. W. 
Locke, Brockton, Mass.; Wm. J. Luther, Attleboro, Mass-; Chas. W. Mann, 
Methuen, Mass.; Wm. McNally, Marlboro, Mass.; Albert F. Noyes, Boston, 
Mass.; F. G. Perry, Pawtucket, R. I.; Dwight Porter, Boston, Mass.; Walter H. 
Richards, New London, Conn.; Geo. J. Ries, Weymouth Centre, Mass.; A. H. 
Salisbury, Lawrence, Mass.; Caleb M. Saville, Malden, Mass.; H. O. Smith, 
Leicester, Mass.; J. Waldo Smith, Montclair, N. J.; Geo. A. Stacy, Marlbor- 
ough, Mass.; Jas. H. Stanwood, Boston, Mass.; F. P. Stearns, Boston, Mass. ; 
F. L. Taylor, Brookline, Mass.; Lucian A. Taylor, Boston, Mass.; M. M. Tidd, 
Boston, Mass.; W. H. Vaughn, Wellesley Hills, Mass.; Chas. K. Walker, Man- 
chester, N. H.; J. A. Welch, Taunton, Mass.; John C. Whitney, West Newton, 
Mass.; Herace B. Winship, Norwich, Conn.: Geo. E. Winslow, Waltham, 
Mass.; E. Worthington, Jr., Boston, Mass.; Jas. M. Betton, Boston, Mass.; 
A. H. Broderick, Chadwick Lead Works, Boston, Mass ; E. L. Ross, Chapman 
Valve Mfg. Co., Indian Orchard, Mass,; F. H. Hayes, Dean Steam Pump Co., 
Holyoke, Mass.; S. Harrison and J. A. Spofford, Hersey Mfg. Co., So. Boston, 
Mass ; Wm. D’. H. Washington, the Hydraulic Construction Co., New York 
city ; Henry F. Jenks, Pawtucket, R. I.; B. G. Russell and S. B. Adams, Peet 
Valve Co., Boston, Mass.; H. L. Bond, Perrin, Seamans & Co., Boston, Mass.; ° 
Franklin A. Snow, Providence, R. I.; H. B. Temby, Boston, Mass. 


The Secretary read the names of applicants for membership as follows : 


RESIDENT ACTIVE. 


Henry G. Hunter, C. E., Boston; H. H. Nash, C. E., Boston ; Charles W, 
Richardson, water commissioner, Everett. 


NON-RESIDENT ACTIVE. 


Mackey J. Thompson, LaCrosse, Wis., Resident Engineer Wigwam Dam, 
Thomaston, Conn. 

On motion of Mr. Coggeshall the Secretary was directed to cast the ballot of 
the Association for the gentlemen whose names he had read, and he having 
done so, they were declared elected members of the Association. 


GUESTS. 


John C. D. Melto, Jr., New Bedford, Mass.; Geo. E. Fellows, Mackey J. 
Thompson, Waterbury, Conn.; 8S, H, Taylor, New Bedford, Mass.; D. W. 
Tenney, Methuen, Mass, 
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Cuance oF Date oF ANNUAL CONVENTION. 


Tue Presipent. Gentlemen, you voted at your last annual meeting to hold 
the next annual convention in Burlington, Vermont, The constitution pro- 
vides that our annual meeting shall be held on the second Wednesday in June, 
which, I think, this year will be on the 12th. We were informed by Mr. Cran- 
dall that the principal hotel in Burlington was engaged for that week by the 
Knights Templars of the State, and while we have never found a hotel which 
was any too large for us, we have often found our accommodations rather 
cramped. The hotel was not engaged for the following week, but the week 
after that, another convention is to meet in Burlington and at that hotel. 


Your committee visited Burlington and after looking the place over, came to 
the conclusion that the hotel for the headquarters of the Association was the 
one engaged by Knights Templars. It is very pleasantly situated, the rooms are 
all good, and most of them have a view of the lake and the Adirondack Moun- 
tains across the water. We therefore decided that it would be best to change 
the date of the convention, and hold the meeting there the week after the 
Knights Templars convention, that is on the 19th, 20th and 2ist. We made 
arrangements at the hotel for the Secretary's room and the exhibit of the asso- 
ciate members, everything being very favorably situated. The meetings of the 
convention will be held in the City Hall, which is just across the park from 
the hotel. The impression we received of Burlington was that it will be a very © 
desirable place to visit, and that any member will beamply repaid and refreshed 
by his visit there. 


Last evening, at the annual dinner of the Boston Society of Civil Engineers, 


was to be held in Boston this year, beginning on the 18th of June. It is evi- 
dent that this convention would effect our meeting at Burlington, if held at the 
same time, as a large number of the active members of this Association, who 
have assisted in making our meetings pleasant and interesting, are members 
of the Boston Society of Civil Engineers, and as it is a duty encumbent upon 
them to return the courtesies which they have received in other places. 

Itisalso probable that outside of the members who belong to the Boston Soci- 
ety there are many members of the New England Water Works Association who 
would be glad to embrace the opportunity to attend some part of the conven- 
tion of the American Society. If this convention was held in New England 
every year I should look at it differently. But this is a National Association, 
and they have not held a meeting here for 17 years, and we could not consis- 
tently ask them to change their date, when we had already changed ours toa 
different time than is called for by our constitution. 


We also learned that the American Water Works Association will meet the 
last of May, and that the summer hotels and other places of resort in the vicinity 
of Burlington might not be open before the middle of June, so we seemed to 
be driven into acorner. After carefully considering the question we have con- 
cluded that it will be for the best interest of the Association to change the time 
of holding the convention from June to September. We intend to hold our 
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annual meeting when the constitution provides, on the 12th day of June, and 
to adjourn that meeting to the second week of September at Burlington. 

This, I may say, is a final decision, and I make this explanation, so that you 
may know the reasons why we give way in this matter. It js in some respects 
a selfish reason, but it is made to accommodate those who belong to both asso- 
ciations. 

You will be notified of the arrangements as soon as they are made, and I hope 
we shall go to Burlington in large numbers, and have an enthusiastic meeting. 
I know everything will be done there to make our visit pleasant. 

Mr. Crandall has worked hard from the start, and I feel worse on his account 
because of this postponement than for almost anything else. I know it is em- 
barrassing, after having arranged to go in June, and after we had declined a 
previous invitation, to postpone going there now, and perhaps, not knowing 
all the circumstances, the people of Burlington may not appreciate the present 
situation. But we shall go there just the same, and I think the first or second 
week in September, whichever it may be, will be a very pleasant time to visit 
that city. And I also know, both from my own observation and from what 
others have told me, that there is no place in New England where we can go 
and enjoy ourselves any better than we can there, It is intended to make the 
trip pleasant for the ladies who attend the convention. At some of our meet- 
ings we have not had the opportunity to entertain the ladies during the ses- 
sions of the convention, in which, perhaps, they cannot be expected to take 
much interest ; but it is proposed to take care of them every day at Burling- 
ton, and I think the program will be carried out. While we are attending to our 
business the ladies can play. 

This is the program as arranged at the present time, and these are the rea- 
sons why we propose to make the change—ont of courtesy to the members of 
the Boston Society of Civil Engineers who belong to us, and for the interest, 
primarily, of our Association. 


CommItTEE TO NomiInaTE OFFICERS. 


On motion of Mr. Coggeshall it was voted that the President be authorized 
to appoint a committee, consisting of five members, to report at the annual 
convention in June, or at the adjourned meeting in September, a list of officers 
for the consideration of the Association. 


The President announced he would take time to appoint the committee. 


Papers were presented by F. L. Fuller on ‘‘ The Water Supply of Webster,” 
J.C. Haskell on ‘‘ How to Reduce the Excessive Consumption in Our Cities 
and Towns,” L. A. Taylor on ‘‘The Use of Tapping Bands on Cast Iron Pipe,” 
and G, E. Winslow on ‘‘The Use of Air in Pressure Gauges.” 


Adjourned. 
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SOME OBSERVATIONS ON THE TEMPERATURE OF SURFACE 
WATERS; AND THE EFFECT OF TEMPERATURE 
ON THE GROWTH OF MICRO-ORGANISMS. 


BY 
Grorce C. Bioxtocist, Boston, Mass. 
[Read Feb. 13, 1895.] 


From a scientific, as well as from a practical standpoint, the study of the tem- 
perature of surface waters is interesting and important. It is interesting to 
the scientist because the temperature changes which occur in a body of water 
are sufficient to account for numerous physical phenomena, and it is important 
to the water works engineer for reasons that are well known and which will be 
recalled by merely mentioning the words ‘‘anchor ice” and ‘frozen water 
pipes.” It is known also that the temperature of the water at the surface of a 
pond has an important effect on evaporation. 

In this paper I shall endeavor to show that temperature has an influence 
upon the quality of the water stored in a reservoir, in that it directly or in- 
directly affects the growth of the micro-organisms therein. 

When the biological laboratory of the Boston Water Works was established 
by Mr. Desmond FitzGerald in 1889 it was decided to record the temperature 
of every sample of water collected ; and, as these samples have been taken with 
great regularity, we now have a series of weekly temperature observations 
covering » period of five years. Furthermore, numerous special sets of tem- 
perature observations have been made during portions of each year to throw 
light upon certain important questions. 


TEMPERATURE STATIONS. 


The regular weekly observations were made at the following places : 

Lake Cochituate, at the surface, mid-depth, and bottom, (60 feet.) 

Basin 2, at the surface, mid-depth, and bottom, (20 feet.) 

Basin 3, at the surface, mid-depth, and bottom, (25 feet.) 

Basin 4, at the surface, mid-depth, and bottom, (45 feet.) 

Chestnut Hill Reservoir, at the surface, mid-depth, and bottom, (28 feet.) 

Chestnut Hill Reservoir, in the gate-houses. 

Brookline Reservoir. in the gate-house. 

Service tap in Park Square, Boston. 

Service tap in Mattapan. 

In the brooks entering the storage basins, etc. 

In Lake Cochituate and in Basin 4 observations were taken at intervals of 
five feet from the surface to the bottom, during the summer months, Ordi- 
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narily the observations were taken in the forenoon between the hours of eight 


and ten. 
THERMOMETERS. 


The thermometers used were nine inches long, graduated on the stem to half 
degrees from 0° to 120° F. 

This range was longer than was necessary, but was the best obtainable with- 
out special manufacture. For protection they were mounted in wooden cases, 
which were weighted in order that they might be used under water. 

Readings at points below the surface were obtained by lowering a thermo- 
meter in a gallon bottle enclosed in a metal frame, to which the sinking cord 
was attached. A cork having a separate cord was placed in the mouth of the 
bottle and allowed to remain during the descent. When the bottle had reached 
the proper depth the cork was pulled, whereupon the bottle immediately filled 
with water. After allowing it to remain about ten minutes in order to acquire 
the temperature of the surrounding water, the bottle was rapidly drawn to the 
surface and the reading taken, 

In this method it was necessary to guard against several sources of error, 
among which may be mentioned the following : 

1. Error from not leaving the bottle down long enough to acquire the tem- 
perature of the surrounding water. To avoid this error, in finding the tem- 
perature of the water at the bottom of Lake Cochituate, a thermometer was 
kept at the bottom throughout the summer, being drawn to the surface only 
when readings were to be taken. 

2. Error from change of reading while the bottle was being drawn to the 
surface. In warm weather when the surface and bottom temperatures some- 
times differ by more than 30° F., this becomes of some importance, though 
ordinarily it is less than 0.2°. 

3. Error from change of temperature after the bottle has been draw up and 
before the reading is taken. This error is usually negligible if the bottle is not 
placed in the sun and if the reading is made promptly. 

4. Error from not holding the thermometer at right angles to the line of 
sight, This is the greatest source of error, and may easily amount to half a 
degree. 

5. Error from refraction, caused by not holding the thermometer parallel to 
the sides of the bottle. 

THERMOPHONE, 

On some of our more recent work we have used an electrical device invented 
by Mr. Henry E. Warren, of Newton Centre, and the writer of this paper. To 
this instrument we have given the name ‘‘Thermophone,” because the tem- 
perature readings are obtained by listening to the sound made in a telephone. 

Briefly described, the thermophone is an arrangement of resistances in the 
form of a Wheatstone’s Bridge. Coils of resistance wires, enclosed in a brass 
tube, are located at the place where the temperature is desired. These coils 
are connected by leading wires to the indicating portion of the apparatus, 
where the movement of a contact along a “Slide Wire” is effected by turn- 
ing a knob, which, at the same time, moves a pointer over a dial graduated in 
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degrees of temperature. In place of the galvanometer, usually used with a 
Wheatstone’s Bridge, a telephone with an interrupter in its circuit is used to 
indicate the presence of a current. The absence of sound in the telephone 
indicates that the bridge is balanced. Readings are taken with the thermo- 
phone by holding the telephone to the ear while the pointer is moved over the 
dial by means of the knob. When there is silence in the telephone the pointer 
will indicate the correct reading. 

With this instrument we have been able to obtain readings to 0.05° F., and it 
sets so rapidly that not more than a minute is required to make an observation. 


REsvutts OF OBSERVATIONS. 


Some of the results of the observations from January 1, 1890, to January 1, 
1895, are shown on Plates 1 and 2. , 

Plate 1 shows the temperatures at the surface and bottom af Lake Cochituate, 
Chestnut Hill Reservoir, and Basins 2, 3 and 4. The surface temperatures, 
being practically the same in the different reservoirs, have been plotted as one 
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line. It will be noticed that the temperature of the water at the bottom of the 
reservoirs depends upon the depth. In Basin 2, which is about 20 feet deep, 
the temperatures at the surface and bottom are almost the same, Basin 3 is 25 
feet deep, and the bottom temperature during the summer is much lower 
than in Basin 2. During a portion of the summer the lower layers are quite 
stagnant, that is to say, there is no vertical circulation. In Chestnut Hill 
Reservoir, 28 feet deep, and in Basin 4, 45 feet deep, the summer tempera- 
tures at the bottom are still lower. The rise of the temperature at Basin 4 during 
September is occasioned by the drawing down of the water to supply the city. In 
Basins 2 and 3 the bottom temperatures are also influenced by the drawing 
down of the surface. In Lake Cochituate, 60 feet deep, the bottom tempera- 
ture is lower than in the other reservoirs and is quite constant during the 
summer. In Chestnut Hill Reservoir and in Basins 3 and 4 the bottom tempera- 
tures gradually rise during thesummer even though the convectional currents do 
not reach to the bottom. In Basin 4 the rise is quite slow ; in the reservoirs 
having less depth the increase is more rapid. 


During the winter, when the surface is covered with ice, the temperature at 
the bottom is higher than at the surface. It varies in the different reservoirs, 
but in all of them it tends to approach the temperature at which water is 
densest, i. e., 39.2° F. 

Especial attention has been given to the study of the temperature of Lake 
Cochituate because of its greater depth and because the stagnation phenomena 
are very marked. For four years observations have been taken at intervals of 
five feet from the surface to the bottom during the period of summer stagna- 
tion, i. e., from about the middle of April to the middle of November. The 
results of these observations are shown on Plate 2. The curves represent the 
temperature at different points in the vertical for each month of the year. It 
will be observed that during the winter months, from December to March, the 
curves are very much alike. In April the water begins to warm up and the top 
of the curve bends slightly to the right. In May the water is warmer at all 
depths and the difference between the surface and bottom temperatures be- 
comes more marked. From June to September the curves are practically the 
same below the mid-depth. Above that point they differ somewhat, thuugh 
similar in character. The surface reaches its highest point in July. In 
October the surface temperature is about the same as fur May, but the shape of 
the curve is different. Down to the depth of fifteen feet the water has practi- 
cally the same temperature. At that point there is quite a sharp turn, and 
below a depth of 20 feet the curve is about the same as that of the summer 
months. 

The stirring up occurs in November and for some time after that the tem pera- 
tures are nearly the same at all depths. In November the bottom temperature 
reaches its highest point. It will be noticed that from May to October the 
curves are reversed curves, the point of inflection being found between 15 and 
20 feet below the surface. This is the point where there is the greatest differ- 
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‘ence of density of the water per foot of depth, as is shown by the following 
table : 


AveraGE Density oF THE WaTER oF Lake CocurTuaTe at Various DEpTus 
DurinG THE PrRiop or SuMMER STAGNATION. 


Average Temperature Difference 
during Stagnation. Density. in Density. 


67.1° 
66.6° 
65.6° 
61.8° 
55.1° 
51.4° 0.999676 
47.9° 0.999834 
47.4° 0.999854 
46.8° 0.999876 
46.1° 0.999903 
45.1° 0.999918 
44.7° 0.999926 
444° 0.999932 


The temperature at the bottom during the period of stagnation is not the 
same every year, and it has been found that the weather during the month of 
April determines the temperature at which the bottom will remain during 
the following summer. After the ice breaks up in the spring the water circu- 
lates throughout the vertical. The surface and bottom temperatures are then 
practically the same. As the weather grows warmer these temperatures rise. 
If there were no wind the bottom temperature would cease to rise as soon as 
the point of maximum density had been reached ; but on account of the wind, 
and because in that part of the scale the difference in density per degree is very 
slight, the bottom temperature rises higher than 39.2°. It continues to rise as 
long as the difference between the surface and bottom temperatures does not 
exceed about 5° F. But with the first ‘‘warm wave” the surface temperature 
rapidly rises and gains 5° or more over the bottom temperature. The difference of 
density corresponding to this difference of temperature is usually sufficient to 
prevent the wind from keeping the water in circulation, consequently the water 
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at the bottom becomes stagnant, and its temperature remains almost constant 
at the point where it was when circulation ceased. 

In the fall stagnation does not cease until the temperature of the surface has 
fallen to within about 5° of the bottom temperature. After that point has been 
reached the first high wind generally stirs up the water to the bottom. This 
‘*turning over” usually occurs during the second week of November. 

In 1894 the turning over occurred earlier than usual, on account of the cold, 
stormy weather during the first few days of November, and was especially in- 
teresting on account of its suddeness. Fortunately we studied it with particu- 
lar care, and the thermophone enabled us to determine the temperature at all 
points in the vertical with great accuracy. Two of the curves obtained with 
the thermophone are shown on Plate 3. Observations were taken at intervals 
of one foot in the vertical, and in no case did the reading differ from the curve 
as plotted by more than 0.1° F. On October 12 the surface temperature was 
57.15°- It decreased slightly to 5 feet, and from that point to a depth of 23 feet 
it was exactly the same. Between 23 and 23.5 feet, the temperature dropped 
rapidly and observations were there taken at intervals of one inch in depth. 
Below 23.5 feet the temperature decreased more slowly. The sharpness of 
the curve-at 23 feet was quite remarkable. Readings at that point were several 
times checked to insure correct results. 

On November 7, after the severe snow-storm and during a high wind, obser- 
vations were again taken with the theremophone. On that day the tempera- 
ture was uniform at 47.3° toa depth of 46 feet #ave for a slight increase at 
the surface, the effect of the sun. At 12 o’clock the temperature at the bottom 
was 43.5°. Between 48 and 51 feet the temperature was variable, sometimes 
changing several degrees in less than a minute. Several series of observations 
were made at intervals of six inches which showed that at that point the water 
was in a state of commotion and that the temperature at each point was grada- 
ally rising. No readings were obtained between 12 o’clock and 2 o’clock. At 
2p. m. the water had practically turned over. The temperature at 51 feet was 
46.8°. At 514 feet, with the coil partially immersed in the mud at the bottom, 

the reading was 46,5°. 

Brotocicat LaBoraTory. 

- “Before proceeding to the second part of the subject, namely, the effect of 
temperature on the growth of micro-organisms, it may not be inappropriate to 
refer briefly to the nature and extent of the biological work which is being car- 
ried on at the laboratory at Chestnut Hill Reservoir, Since its establishment 
in 1889 more than 12,000 microscopical and more than 6,000 bacteriological 
examinations of samples of water have been made. They cover all portions of 
the supply, from the brooks at the head of the watershed to the service taps in 

‘the city. Samples from thirty carefully selected places are analyzed each week 
and other localities are visited monthly. 

The methods of analysis are those ordinarily used in biological laboratories 
and are doubtless well known to most of the members of this association. One 

‘point of difference, however, ought to be mentioned, namely, the method of 

‘stating the results of the microscopical analysis. We have found it advisable to 
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give the results, not in the actual number of the organisms present, but in 
terms of astandard unit of size. The micro-organisms vary considerably in 
size, a Volvox, for instance, sometimes containing several hundred times as 
much organic matter as a Protococcus. The “ unit system” serves to give us a 
better idea of the amount of living organic matter present and better enables 
us to compare the effect of the different organisms on the quality of the water. 
We have noticed, too, that when the results are expressed in units they com- 
pare better with the chemical analyses than when they are expressed in actual 
numbers. The standard unit which we use represents an area of 400 square 
microns (1 micron = 0.001 mm.) and our results are expressed in ‘‘ number of 
standard units per cubic centimeter.” 


Errect oF TEMPERATURE ON ORGANISMS. 


As to the effect which temperature has upon the growth of organisms it 
is manifestly impossible to fully treat so vast a subject in the brief space 
allotted to it in this paper ; and I wish to call attention simply to the fact that 
temperature, directly or indirectly, has a marked influence on the seasonal dis- 
tribution of the micro-organisms found in surface waters. I do not mean to 
imply that temperature alone is sufficient to explain their seasonal distribution, 
or even that it is the most important factor, because recent studies have shown 
that it probably is not. As is the case with man, so it is with the algae and the 
infusoria, food supply is of more importance than the temperature of the 
environment. Man can live, though somewhat uncomfortably, in very warm 
or in very cold climates, but without food he must die. The amount and char- 
acter of his food is nevertheless dependent to a considerable degree upon 
temperature. 

In the microscopic world, temperature directly affects some organisms by 
causing an increase or suspension of their functional activities, and it indirectly 
influences them by bringing about certain physical changes in the ponds which 
affect their food supply. It is in this indirect manner that temperature has 
its greatest influence on their seasonal distribution. 


Micro-OrGAnNIsMs, 


The micro-organisms which are most abundant in surface waters may be 
divided into four classes, as follows : 


J. or the green algae. 
2. CyanopHyceag, or the blue-green algae. 
‘3. Dratomaceag, or the brown algae. 

4. 

Of these the first three classes belong to the vegetable kingdom ; the infu- 
soria are animals. Other organisms are found which cannot be included in the 
above groups, but they are usually either few in number or of less importance. 

The seasonal distribution of these four classes of micro-organisms is shown 
on Plate 4, where the curves represent approximately the number of standard 
units of the organisms found in a cubic centimeter of water of Lake Cochituate 
during the different seasons of the year. 
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CHLOROPHYCEAE AND CYANOPHYCEAE- 

It will be noticed that the Chlorophyceae and Cyanophyceae are most abun- 
dant during the warm weather, and that in the case of the former the curve is 
strikingly parallel to the curve representing the temperature of the water at the 
surface. These two classes include most of the organisms popularly referred 
to as ‘‘algae.” The basis for the distinction between the Chlorophyceae 
and the Cyanophyceae is a somewhat arbitrary one, founded chiefly on color. 
The Chlorophyceae are usually green, by reason of the chlorophyll! contained 
in the cells, while, in the Cyanophyceae, the green color is changed to a blue- 
green, or some darker color, by the admixture of a coloring substance known 
as phycochrome. 

Roth classes include a large number of forms, some unicellular, some fila- 
mentous, and others having their cells symetrically arranged, or grouped in 
irregular masses. The long filamentous forms are not often found freely float- 
ing in the water, but are attached to the stones, twigs, water weeds, etc., on the 
shores of the ponds. It is obvious, therefore, that such forms are not often 
found in the samples of water collected. Their effect on the quality of the 
water is comparatively slight. Many of the unicellular algae, however, are 
believed to be intermediate stages in the life history of some of the filamentous 
forms. This is an important and practical question and one deserving careful 
research. It is possible that it has a considerable effect on the seasonal occur- 
rence of certain forms, which may, perhaps be thrown off by some of the fila- 
mentous plants to multiply in the water, and then, at the proper time or under 
suitable conditions, to develop into the filamentous form. 

As both the Chlorophycese and the Cyanophyceae contain chlorophyll it is 
natural to suppose that light and warmth are necessary to their growth, and 
’ we find, indeed, that they are most abundant during the summer when these 
conditions are fulfilled. Extensive growths have frequently been observed 
during or immediately after a period of hot weather. A calm, warm day in the 
late summer is the best time to observe many kinds of algae, because then they 
are apt to rise to the surface, forming, very likely, an unsightly and ill-smelling 
scum. Clathrocystis and Coelosphaerium are especially liable to do this. 

But all algae do not réyuire warm weather. Protococcus nivalis, one of the 
Chlorophyceae, is found upon the arctic snows, and Anabaena is sometimes 
found growing under the ice of our New England ponds. A marked instance 
of this has just been brought to my attention. In Laurel Lake, in the town of 
Fitzwilliam, N. H., Anabaena is at the present time growing vigorously. It 
has become frozen into the ice to such an extent that much of the ice on the 
lake has a brilliant green color. Fragments of this ice when thrown upon the 
snow look like little emeralds. Besides being objectional from its appearance, 
the-green-ice has a decidedly unpleasant taste. 


DIATOMACEAE. 


The diatoms are the most interesting of the micro-organisms found in water. 
They are single cells whose walls are so impregnated with silica that they have 
been described as ‘‘little glass boxes filled with brown plant matter.” 
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Since they contain chlorophyll we should naturally expect that, as in the 
case of the other algae, light and warmth would favor their growth. Labora- 
tory experiments tend to show that such is the case. Miquel has stated that 
the most favorable temperature for the growth of diatoms lies between 68° and 
86° F. My own experiments in the laboratory indicate that light and an 
abundant supply of air are necessary. 

When, however, we look at the seasonal distribution of diatoms in surface | 
waters we find that, instead of being most abundant during the warm weather 
of summer, they are usually found in the spring and fall, when the tempera- 
ture of the water is between 40° and 60° F. Summer growths are sometimes 
observed, but, except in ground waters stored in open reservoirs, they are 
usually of little account. : 

It is apparent that the direct influence of temperature cannot alone account 
for their seasonal occurrence. It is not difficult, however, to find its cause, 
and, as I shall endeavor to show, temperature indirectly plays an important 
part. 

A study of the diatom growths in Massachusetts has shown that diatoms grow 
best in ponds which have a deposit of mud at the bottom and whose waters 
contain considerable nitrogen in the form of nitrates. For example, in Lake 
Cochituate and in Basin 3, diatoms develop regularly twice each year, but in 
Basins 2.and 4, where the organic matter was removed from the ground before 
the basins were filled with water, they seldom or never appear. The newly 
constructed Basin 6 has thus far shown no disposition to support diatom 
growths. 

This relation between the growths of diatoms and the mud at the bottom of 
ponds throws light upon their seasonal distribution, because the two periods 
of diatom development correspond almost exactly with those seasons of the 
year, when by reason of uniform temperature the water is in complete circula- 
tion from top to bottom, and when, in consequence, the mud is stirred up and 
distributed through the water. An examination of the analyses of the Massa- 
chusetts State Board of Health reveals the fact that diatom growths usually 
occur just after a period of stagnation. Out of 12 ponds which are more than 
30 feet deep, 11 have a well defined spring and fall growth, while most of the 
ponds less than 30 feet deep have aspring growth, but usually no growth in the 
fall. The reason for this apparently lies in the fact that both deep and shallow 
ponds have a period of winter stagnation, but only the deep ponds are stagnant 
during the summer, On Plate 5 will be found curve3showing the seasonal 
distribution of one of the diatoms, the Asterionella, in deep and shallow ponds. 

The growths that are occasionally found in shallow ponds during the summer 
and fall are usually quite irregularin their occurrence. I have known instances 
where diatoms have developed immediately after a high wind, the growth 

apparently being caused by the stirring up of the bottom. In the very deep 
ponds the growths usually appear a little earlier in the spring and considerably 
later in the fall than in the shallower ponds, for reasons that will be apparent 
when one remembers that in the deep ponds the temperature is.quite low dur. 
ing the summer and stagnatian often does not cease until the middle of November. 
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In order to understand why it is that diatom growths occur after the stagna- 
tion periods it is necessary to study the character of the stagnant water at the 
bottom of a pond and the change that takes place when this water is carried 
into circulation. If we consider Lake Cochituate, for instance, where the 
bottom is covered with a deposit of organic matter, we find that during the 
summer some of this organic matter begins to decompose. The process is car- 
ried on at the expense of the dissolved oxygen in the lower layers of water, and 
of oxygen derived from some of the iron compounds. This supply of oxygen, 
however, is not sufficient and the decomposition is arrested at the ‘‘ free 
ammonia” stage. The iron being left in a ferrous condition becomes dissolved 
in the water and the result is a deepening of the color, which increases on 
exposure to the air on account of the iron becoming changed to the ferric con- 
dition. The increase of color during stagnation is shown on Plate 4. Besides 
having a high color the stagnant water is usually turbid and often has an offen- 
sive odor. 


When circulation begins, this water, with its partially decomposed organic 
matter, becomes thoroughly mixed with the water above it. The bacteria, sup- 
plied with plenty of oxygen, change the ‘‘ free ammonia” to “‘ nitrates,” a form 
in which the nitrogen can be readily assimilated by plants. The color of the 
water at the surface also rises, as shown by Plate 4. 


It is natural to suppose that, at the time when the water turns over, the dia- 
toms, or their spores, are carried up from the bottom, where they have been 
lying dormant, and that, tinding an abundance of food, they begin to develop. 
Another reason why diatoms grow best during circulation may be that since 
their cells are somewhat heavy the ascending currents of the water assist in 
keeping them near the surface, where they have an abundance of light and air. 
It is known that in absolutely still water diatoms sink to the bottom. 


The foregoing facts point out to us the advantage of removing the organic 
matter from the bottom of a storage reservoir, i. e. of ‘‘stripping the soil.” 
Because if there is no organic matter at the bottom of a pond, there will be no 
decomposition during the stagnation periods, and consequently no diatom 
growths, unless, as is sometimes the case, the water entering the reservoir has 
a sufficient amount of food material to support their growth. 


InFusorIA. 


The seasonal distribution of the infusoria is much more variable than that of 
the threegclasses of organisms above mentioned. In some ponds, as in Mystic 
Lake, we find them regularly in the summer; in others their occurrence is 
quite irregular. I think, however, that in the majority of cases, the curve 
which would best represent their seasonal distribution would be one baving a 
major maximum in the spring, a minor maximum in the fall, and which is much 
lower during the summer than during the winter. 

As in the case of the diatoms, stagnation probably has a considerable effect 
on the growth of infusoria. They are animals and are therefore supposed to 
' have the capacity to injest solid particles of food and to depend upon such for 
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their growth. They are also obliged to live on proteaceous, or ‘‘ ready manu- 
factured” organic matter, not being able, as plants are, to manufacture their 
food out of the crude materials of the inorganic world. 

From this it is a natural inference that, other conditions being the same, 
the largest number of infusoria will be found at those seasons of the year 
when the water contains the greatest amount of organic matter in a finely 
divided state. In some ponds this condition may be found at one season, in 
other ponds at some other season. We know by the amount of amorphous 
matter shown in our analyses, that in many of the deep ponds this fine organic 
material is most abundant during the periods of circulation, and it is doubtless 
for this reason that the infusoria develop at such times. 


Without continuing the subject further, I think that perhaps I have said 
enough to bring out the point that I wished to make, namely, that while it is 
undoubtedly true that the temperature of the water directly affects the life of 
the micro-organisms, it acts chiefly in an indirect manner by bringing about 
physical changes in the ponds which influence their food supply. 

And, in conclusion, I would suggest that if the water works superintendents 
who are members of this association and who have under their charge a pond 
or reservoir more than 25 feet deep, would establish a regular series of tem- 
perature observations at different depths, they would be adding a great 
deal to the data which must be collected before we arrive at a full understand- 
ing of the growth of the micro-organisms, which are so troublesome in water 
supplies. In connection with the analyses of the State Board of Health these 
observations would have great value. 


DISCUSSION. 


Mr. Forses. Mr. President, I don’t know that I can add much to what Mr. 
Whipple has said, except that the food supply is the most important element in 
the growth of algae. I know that in water stored in reservoirs you will find a 
growth of asterionella and cyanophyceae at any time of the year if the food sup- 
ply is abundant. You will find in our reservoirs a growth of certain kinds of 
infusoria in midwinter as well as in summer. The food supply seems to be 
the most important thing. 

Mr. Firzcrratp. Mr. President, it is perhaps natural that I should be inter- 
ested in these investigations which form a part of the work that we have been 
carrying on at the sources of supply of the Boston Water Works for a number 
of years. It is not very difficult to look back ten or twelve years and consider 
the state of our information on most of these subjects at that time. We then 
realize the progress that has been made ; and yet, however much we may study 
these matters, there is still always more ahead to be found out. That is one 
of the beauties of all scientific work. There are are many men who are accus- 
tomed to turn up their noses at the idea of there being any practical benefit 
resulting from the study of organisms in the water, the way in which they 
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develop, and the quality of the water itself as affected by them. It is not diffi- 
cult for me to call to mind the many times I have heard men say: ‘Oh, it 
doesn’t make much difference. Water is water. It is a little thick, to be sure 
at times, but you drink it and it is all right.” The fact is that as we progress 
and find that we can control the quality of water by our own acts we realize 
that it is a wicked thing to turn water containing a large amount of organic 
matter into a city or town for people to drink—children, invalids and people 
whose constitutions are too weak to overcome the effects of bad water. I think 
we should realize the responsibility that rests upon us as superintendents and 
engineers to do all that we can to raise the standard ; to insist that a city or 
town should have good water and that they should judiciously spend enough 
to make it good. 


In connection with this paper of Mr. Whipple’s, I think one of the most inter- 
esting things to a perfect greenhorn is to take him out into the middle of a deep 
lake, in the summer, when the temperature of the water at the surface is per- 
haps up to 80°, anchor over one of these deep holes, ask him to put his hand 
into the water at the surface—where sometimes I have seen the water so warm 
that itis almost uncomfortable—then take a bottle and drop it from the same boat 
at the same place down 60 feet and bring up water so cold andso much like ice 
water that he can hardly bear to put his hand into it. That enforces on the mind 
the fact that Mr. Whipple has been setting forth—the great difference in tem- 
perature in this stagnation period between the surface and the bottom, Now, of 
course all the impurities are collecting in the bottom layers during this long 
period of seven months. The oxygen in the water after a while is all used up 
but the organic matter keeps on collecting and as soon as all this foul water 
domes up to the surface in November there is, of course, a vigorous growth, 
both animal and vegetable, as shown by the rapid rise in the lines on the dia- 
gram before you. In the case of a large deep pond, if you have a high dam and 
gate at the bottom, just before it turns over, you can waste that water at the 
bottom, and it will have a great effect in keeping the water at the surface pure 
a little later when the great overturning comes. 

lsimply mention this as being one of the practical results, and we get them 
every day in our studies of water supply. The fact is that any knowledge we 
obtain in this world is a benefit to mankind and it does not do to throw ridicule 
upon investigations made under scientific conditions. 


One thing that we have certainly learned is that you cannot take water from 
swamps and other places which contain a large amount of organic matter, and 
turn it into a basin with mud, loam, stumps and other organic matter in it and 
expect that water to improve. For years and years it will give trouble. I 
remember very well going back to the period previous to the time when we be- 
gan a systematic study of our water in Boston, that we had as high an amount 
of albuminoid g¢mmonia in our basins as .05 parts in 100,000. Today this deci- 
mai has been reduced to .018. 

I only wish that gentleman from New York was here who made the statement 
before the Association a short time since that Boston water was not fit for a dog 
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to drink, and that it was getting worse. I did not happen to be here when he 
made the statement, but if I had been I am afraid I should have lost my 
temper, especially when he ridiculed the studies we are making. He simply 
did not know what he was talking about. Such an attitude is not in harmony 
with deep scientific knowledge. A man should have found out whether the 
water is getting worse before he gets up before an association of this kind and 
states it, or else we can no longer depend upon his statements. 

However, that is a little digression. Basins 4 and 6 have furnished some of 
the best lessons .we have learned in connection with Boston’s Water Works, 
because these basins were built in valleys containing a large amount of loam, 
and we removed it entirely down to the gravel, leaving perfectly clean bottoms. 
The result is that we have had, even in this period of stagnation, a considerable 
amount of oxygen present at the bottom, and we have, as a rule, no algae 
growths to speak of. The line of our organisms is almost a level line on the 
profile and very low in the scale. 

Any one caring to study more in detail the temperatures at various depths 
during this stagnation period will find in my report in the seventeenth annual 
report of the Boston Water Works a diagram giving the temperatures for every 
five feet in the vertical, It will be there seen how httle the winds affect the 
condition and temperature of the water below the 15 foot level, and also what 
a bad conductor of heat water really is. 

In drawing inferences from water temperatures it is necessary to remember 
that they are largely influenced by local conditions, the extent of the surface 
exposed to the wind, the depth of the water, its quality and climatic condi- 
tions. I have found that the temperatures in Lake Winnipiseogee, for instance, 
differ very much from those in Lake Cochituate, and even in different portions 
of the same lake we do not get the same results. In the Swiss lakes, the tem- 
perature of the water at a depth of 150 feet is about 10° warmer in the summer 
than it is in Lake Cochituate at a depth of 50 feet. 

Mr. CocersHatu. I think that many of those present would like to hear a 
description of the Thermophone which Mr. Whipple has used in making his 
observations. 

Mr. Wurepte, The Thermophone is based on the principle that the resist- 
ance which a conductor offers to the passage of the electric current depends 
upon the temperature of the conductor; for instance, if the resistance of a 
copper conductor at 0°C. is represented by unity its resistance at t°C. will be 
represented by the equation ; 


R, = 1 + 0.003824t + 0.00000126t7 + ..... 


It is a singular fact that most pure metals have electrical temperature co- 
efficients very much like that of copper, but that the alloys have quite different 
co-efficients ; thus for German Silver the co-efficient is 


R, = 1 + 0.0004433¢ + 0.000000t? -+ 


{ 
j 
| 
i 
| 
Mog 
i 
} 
} 
i 
j 


NEW ENGLAND WATER WORKS ASSOCIATION. 219 


In the Thermophone we have taken advantage of this fact, that different 
metals have different electrical temperature co-efficients. The accompanying 
diagram represents the general arrangement of the electrical parts. 


L | 
AB 


-A and B are coils of copper and German siiver resistance wires placed in 
proximity. CYD is a slide wire, the two ends of which are connected in circuit 
with a battery, M. Leading wires from A and B arealso carried to the points C 
and D. Another leading wire is carried from the junction of A and B toa 
movable contact, Y, on the slide wire, and in this circuit is placed a galvano- 
meter, G. Any one familiar with electrical instruments will recognize this as 
a modification of the Wheatstone’s Bridge, and will see that the galvanometer 
will indicate zero current when the ratio of the resistances A to Bis the same 
as that of the ratioof CY to YD. A and B having different temperature co- 
efficients will vary in resistance at different rates with changes in temperature. 
Consequently there will be a different value of the ratio of A to B for every 
temperature. This ratio of A to B, which with zero deflection of the galvano- 
meter, is the same as the ratio of CY to YD, may be directly read from a scale 
placed under the sliding contact Y, or the temperature corresponding to the 
given ratio of A to B may be marked upon the scale. 


It is easily seen that the temperature of the slide wire, CYD, has absolutely 
no effect upon the reading of the instrument, for being made of one piece of 
metal which has the same temperature throughout its length, it will rise or fall 
in resistance at the same rate on both sides of Y as its temperature changes, 
and consequently the ratio of CY to YD will not vary. The effect of tempera- 
ture changes on the leading wires will not sensibly affect the readings, because 
the two wires L and L’ are on opposite sides of the bridge, and consequently 
balance each other. Compared with the resistances A and B these leading 
-wires are of large size, and in order that they may have the same average tem- 
perature they may either be twisted together or laid side by side and covered 
with braided cotton. 
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In that form of the instrument used for obtaining the temperature of water 
we have found it best to inclose the copper and German silver coils, A and B, 
in a long brass tube of small diameter coiled in a helix and hermetically sealed. 
The space between the wires and the inner walls of the tube is filled with oil 
to prevent corrosion and to render the instrument quick setting. 

The dial, graduated in degrees Fahrenheit, is placed directly over the disk 
around the edge of which is wound the slide wire, and it is so arranged that 
the knob which moves the contact point along the slide wire also moves a hand 
over the dial. 

We have found it convenient in most cases to use a telephone with a cur- 
rent breaker in circuit in place of the galvanometer to show the presence of a 
current. This is extremely sensitive and has the great advantages of cheapness 
and portability. 

The Thermophone may be used for any purpose where the temperature of 
a distant place is desired. Experiments on the temperature of the soil at va- 
rious depths are now in progress, and the instrument is being successfully 
used in connection with ventilation of buildings, cold storage, incubators, etc, 
We hope soon to apply it to boilers, chimney flues, etc., for getting high tem- 
peratures, 

Mr. Winstow. For my own information, and perhaps the information of 
others, I would like to ask a question. As I understand it, the resistance of the 
wire, increasing and decreasing, is shown by the pointer on the instrument. If 
the resistance coil is at any great distance from the instrument, will the size of 
the line wires affect the operation of the indicator? 

Mr. No, sir. We have allowed for that. We have made these 
line wires so large that they have no effect on the reading. That is, we can 
allow for a range of temperature as high as 100°. 

Mr. Winstow. On the line wire? 

Mr. Wurrrte. Yes, sir; and still have no greater effect on the reading, 
probably, than one-tenth of a degree Fahrenheit. 

Mr. Porter. I would like to ask also if the inventors of this instrument 
propose that it shall be used for very high temperatures? 

Mr. Wurrrre. I would say, in answer to that, that we have thought of it, 
but have not had the time to do much in that line. We probably may do so 
later on, and I shall be pleased to inform you of the results. 

Mr. Porter. Does there appear to be any reason why it cannot be used in 
such eases ? 

Mr. Wurerte. No, sir; it is only a question of minor detail in the arrange- 
ment of the apparatus. The principle ought to hold for any range of temper- 
ature, but there are certain details in connection with the way the instrument 
is constructed that would limit it to certain ranges. Probably it can be used 
quite easily up to a temperature of 350°, and by taking certain precautions to 
1,500° or 2,000°. But we have not experimented along that line and cannot tell 
exactly. 
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Mr. Tipp. Do I understand you that the change of temperature is indicated 
by the difference in tone you have through the sound of the instrument? 

Mr. Wurrrie. No, sir. At one point on the dial there is absolutely no 
sound in the telephone and that point shows the degree of temperature to 
which the coilis subjected. As the hand is turned either side of that point a 
sound will be heard, and this sound will increase in intensity as the hand is 
moved farther away from the point of silence. 

Mr. Cuace. I think the Association is very greatly indebted to the officials 
of the Boston Water Works for their investigation of different questions re- 
lating to water supply and for giving us the benefit of their information. I 
would like to ask Mr. Whipple two questions ; at what depth he draws the line 
between shallow and deep ponds, and whether his investigations show any re- 
lation between the presence of ice on the surface or not, as to the effect on or- 
ganisms or the condition of the water? 


Mr. Warepte. Well, in diagram No. 5, I have arbitrarily used the depth of 
thirty feet. I had toassume some depth, and probably thirty feet is as good 
asany. It might be twenty-five, perhaps, but, of course, it depends on the 
locality, the force of the wind, etc. In regard tothe temperature, immediately 
under the ice, the water is naturally slightly higher than freezing ; but as you 
go down the temperature rises, so that you will find it warmest at the bottom. 
Ordinarily at the bottom of ponds of forty or fitty feet in depth the temperature 
is approximately 39.2°. It varies more or less for certain reasons, but ordi- 
narily is at about that pvint. 

Mr. Porter. I would like to ask about this matter of circulation of water 
—whether Mr. Whipple has found at any time that there seems to be a well- 
defined current in ponds that do not receive any large stream into them? I re- 
member several years ago in making some inquiries about lakes in the central 
part of New York, Cayuga, Seneca, etc., that the belief was frequently ex- 
pressed by men familiar with the lakes, that there was a decided current at cer- 
tain points. Those lakes are very long, compared with their width, and at the 
time I supposed that these currents, if there were any, must be due to the ac- 
tion of wind, perhaps long continued in one direction. But I have wondered 
if anything of that kind had been observed in lakes around here. 


Mr. Wurrrrte. I do not think we have the data to answer your question, 
Most of our reservoirs have large streams entering them atone end. As far as 
the temperature observations go, we have been in the habit of taking them at 
only one locality in each reservoir. The constant readings which we get at cer- 
tain depths during the summer would indicate that daring the periods of stag- 
nation there is very little circulation in the lower layers. 


Tue PresipEnt. I will say that tomy mind this illustrates or explains some 
things that were brought before this Association some time ago in regard to 
the difference in the quality of water at different depths in reservoirs. I never 
heard an explanation or any reason given forit before, and I would like to in- 
quire if this is not an explanation or a reason for finding good water and very 
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bad water at different depths? I think that Mr. Ball of Worcester cited a 
case here of the Worcester reservoir, where they had to change the location of 
the gatehouse. The water was very bad at the point taken, and after changing 
and taking it from a different depth, or locating where the good water was, the 
trouble was obviated. I[ would like to ask if this 1s not a reasonable explana- 
tion of that phenomena ia reservoirs. 

Mr. Wutrpte. There is no doubt but that there is sometimes a great dif- 
ference in the quality of water at the surface and at a point some distance 
below. My paper no doubt partially explains what you refer to. 
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AN EXPERIENCE WITH ANCHOR ICE AND A RECORDING PRESSURE 
GAGE. 


BY 


*Cuas. W. S. Szymour, Superintendent, Hingham, Mass. 
[Read by Mr. Wm. H. Thomas, Feb. 13, 1895.] 


In the office of the Water Company at Hingham, directly opposite the main 
entrance, is an ordinary 6-1nch pressure gage, connected through the service 
pipes of the building with 44 miles of main and distribution pipes, made of 
wrought iron and cement, and extending from Accord Pond, five miles south, 
to Hotel Pemberton in Hull, nine miles north of the before mentioned office. 
Pulling away at this 44 miles of pipe are about 1,500 consumers of various sizes 
and powers of suction, from locomotives to lobster boilers ; from a fleet of har- 
bor steamboats to a two-gallon jug in the locker of a cat-boat ; from 25 summer 
hotels to a tent on the beach. 

With a gravity head of only 135 feet above mean high water, and mains of 
small capacity, the usual results soon followed the introduction of this system, 
the demands for water became too great for the supply, and the contoriions of 
the before mentioned gage became something wonderful to behold, thereupon 
a 1,000,000 gallon pumping plant was erected about half way between the pond 
and the farther extremity at Hull, to draw the water from the pond side of a 
check valve in the main leading to Hull, and force it into a 400,000 gallon 
stand pipe on Strawberry Hill, about half way between the pump and Hotel 
Pemberton. 

This worked for a while, but the congregation of so many thirsty individuals 

at the shore, made it necessary to keep on increasing the daily pumpage to such 

an extent-that the office gage began to get low-spirited again, and the hill 
places of our Judea began to remonstrate. Then night pumping was resorted 

to until there was blood on the moon about insurance, and threatened injunc- 

tions, until the company scooped in another source of supply, and by means 

of four miles of conduit pipe and a 350,000 gallon receiving basin, at once 

stopped the mouths of the growlers and kept the stand-pipe full. Since which 

time (barring accidents) our gage has had an easy time, usually indicating a 

pressure of from 45 to 50 pounds, sometimes even as high as 52 pounds, which 

from its location is the maximum. But alas! with cement pipe who knows 

‘‘where he is at?” and whenever any interested employees of the company 

enter or pass through the office, no matter how often, their eyes habitually seek 

the face of our old friend the gage. 


*Mr. Seymour died Oct. 16, 1893.—Ed, 
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December 26, 1885, was a very cold, snowy Saturday, with a North-east wind 
which increased towards night to a veritable blizzard. Returning from Boston 
late in the afternoon, on entering the office my usual glance at the gage 
informed me that trouble was brewing, and on inquiry I found that the pres- 
sure had been falling since four o’clock, and was then below 40 pounds, with a 
bearish tendency. Now it is no great source of satisfaction to realize that you 
have a break during a howling blizzard, especially when you don’t know that 
the break is within ten miles ; so comforting myself with the thought that the 
lack of pressure was due to waste to prevent freezing, I ordered the men to 
report at six o’clock, and in no very contented frame of mind went home to 
supper. 

On my return the fiendish gage seemed to grim with delight as the index 
steadily pointed to 20 pounds, and our before mentioned hill places began to 
murmur ‘‘no water.” By shutting off in succession Hull, Downer Landing, 
and West Hingham, the trouble was located between the office and the Pond— 
the gage through all these experiments refusing to wink. Starting one team to 
examine side streets, with the chief engineer of the Fire Department, who was 
crazy for fear of fire, I left for the front. 

A ride through Hingham is sometimes very delightful, but on this occasion, 
as on that of Tam O’Shanter’s famous ride — 


“ This night a child might understand 
The deil had business to his hand.” 


And in the end we found. What? never a leak, not so much as a tear drop, 
but the 16” conduit from the Pond into the screen well solid full of sparkling, 
green, anchor ice, and the well as dry as a last year’s crow’s nest. Here was 
richness or rather dryness. Our Fire Engineer was wild and at once attempted 
to thaw out the conduit, but his heated efforts were without effect, being 
nothing but words, words, words. Visions of a portable steam apparatus, even 
of dynamite, floated through my nearly addled brain, until a stupendous idea 
struggled to the surface, and we all felt relieved. 

At that time the independent supply for the pump station had been com- 
menced, and the portion already laid had been connected with the Foundry 
Pond, so called, a small mill pond near which the conduit ran. This side con- 
nection having been made for emergencies only, as the water, while it might 
put out fire, was unsuitable for the purposes for which water is usually used 
practically at the beach. My brilliant idea was to start up the pump and put 
Foundry Pond water into the mains ; which we at once proceeded to do. 

At the office we left the Fire Engineer and routed out our Mechanical 
Engineer, (for our present purposes a more useful man, except for words) and 
with another horse (a white one by the way) five sorry homesick duffers, in as 
tough a storm as ever blew, broke into the pumping station at ‘‘low twelve” 
on Saturday night. 

Boiler empty, pipes disconnected, engine all apart, laid up for the winter, 
literally coated with white lead and taliow. As soon as possible we got the 
boiler filled and a fire going. Our white horse had meanwhile been engineered 
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down some plank into the coal-shed for shelter from the pitiless storm, and 
soon after, when steam got up and the pop safety valve let go, he reared and 
fell backwards into the soft coal, in which he rolled until his color did not indi- 
cate that there was a red-headed girl within two miles and a half. 

We started the pump about five o’clock, but it was an hour before, by the 
application of hot poultices, we could get the water through the valves with 
any effect on the gages. But perseverance conquered, and leaving orders not 
to carry over 50 pounds pressure, out of tender regard for our cement mains, I 
went for other men to relieve those who had been on duty all night. 

The storm had abated and the sun rose clear on a beautiful Sunday morning. 
Calling at the office I was struck with the peculiarly jolly appearance of our old 
friend the gage, as the index teetered at 52 pounds, and at once dispatched a 
messenger to Accord Pond, who reported it frozen over, anchor ice gone, well 
full, and everything lovely. 

Sending word to the pump station to shut down, I went home consoled with 
the thought that if we had done so twelve hours before it would have been just 
as well for all concerned. 

From all of which we learn that anchor ice, though troublesome at times, is 
of rare occurrence on sheltered ponds (this being my only trouble with it dur- 
ing 13 years’ experience). That it requires for its formation in such situations 
a sudden drop in temperature, considerably below the freezing point, and at 
the same time a very high wind, and is usually of brief duration, letting go its 
grip as soon as the subsidence of the wind allows ice to form on the surface. 

And we also learn that though pressure gages, like some of our best friends, 


may at times cause us considerable anxiety and even be the cause of sleepless 
nights, yet as life without friends would be hardly worth living, so water works 
management without well behaved gages would soon become an occupation full 
of care and anxiety, instead of the jolly, careless source of amusement and 
recreation, which I hope most ot you find it, but which has most certainly not 
_ been my experience. 
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A CARD SYSTEM OF SERVICE LOCATIONS. 


A. W. F. Brown, Water Registrar, Fitchburg, Mass. 


[Read February 13th, 1895. ] 


The matter of keeping a record of the location of gates, stop cocks, etc., on 
services in such a manner as to be easy of reference, accurate and not liable to 
be lost, has received attention from all water works officials. Probably the 
most common way is to keep them in consecutive order in a book, as put in, 
showing them by means of a diagram more or less accurately drawn, giving 
such data as necessary and using an index to find them in the book, or by di- 
viding a city or town into sections and having those in each section together, 
either by, streets or as put in. 


The ideal way, it seems to me, is to have a plan of each street, showing all 
the pipes, gates, etc., with the buildings supplied with water, drawn to a scale 
large enough to be able to locate a service by scaling off plan to dig for shut 
off if points from which measurements were taken have been destroyed. The 
cost of such plans is, however, prohibitory in most cases. I presume some of 
you are using the same or a similar system as I shall describe, but as it may 
be a help to some one who is looking for information on this subject, I ven- 
ture a description. As I have made it up, the style of record for each service 
is the same as we have always used, but the manner of arranging the services, 
is the point desired. The system is merely an adaptation of the card catalogue 
sold by the Library Bureau, of Boston, and used in many of our public libra- 
ries. 

To describe the set used at the water works office in Fitchburg will give an 
idea of the room taken and size in comparison with that needed in another 
place. The cards having the service locations on them are contained in a 
case of six drawers, said case having outside dimensions of 13 inches deep, 12 
inches wide and 16 inches high, and is in our safe, taking about the same 
room as the books necessary for the same purpose. We have about 4,000 serv- 
ices, and this leaves an allowance for several years’ growth. Then, when it is 
too small, we can add another case and rearrange the cards. The cards are 
unruled, about 4 by 5 inches, having a hole punched in the lower edge, 
through which passes a rod, holding them in the drawer and preventing their 
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falling out or accidental displacement in handling the drawer. A card on the 
outside of the drawer designates the streets contained therein. 


309 JoHN DANIELs, 


Grove Street. 


11-6-89 
1” 


Street line. 


Street main. 


Street line. 


*Sidewalk box. 
oTap in main. 


As we record the service, in the upper left hand corner is the service or tap 
number, taken from the application book. Then, to the right, is the name of 
the person owning the property, with the name of the street, date and size of 
pipe under it. The balance of the card is used for a diagram showing the 
stop-cock in street or sidewalk and points from which it is located, with any 
other data desired but is not to scale. 

The cards are arranged in the drawer by streets, beginning at one end of the 
street and going to the other end in the same order as the services are laid in 
the street. The streets are in alphabetical order, and to facilitate finding, 
cards have been adopted on this plan ; service cards are a plain white, initial 
street card is pink, having a raised edge showing above service cards the name 
of the street, and‘at all cross streets or street leading from initial street used a 
white card with raised edge with the name of the cross street on it. For cor- 
porations having large pipes a blue tinted card, raised edge, with name of 
corporation on it and placed in position that corporation comes on the street. 

For instance, I want the location of the stup-cock of John Daniels, Grove 
street. Taking from the case the drawer having the G’s in it, I immediately 
find the pink guide card with Grove street on the raised portion. Knowing 


ef 
& 
Fa) 
it 


228 JOURNAL OF THE 


that Daniels’ property is between the cross streets Vine and Prichard, I turn 
over all the cards before the white guide card showing the position of Vine 
street, and only have to look over a card or two before finding Daniels’ loca- 
tion. Alsoa corporation has several pipes from different streets and it is de- 
sired to save time in looking up one of their services. Take the Parkhill Mfg. 
Co., for instance; they have services at their mills from Main, Rollstone, 
Circle, Kimball, River and Cleghorn streets, which will each be found under 
its initial street and also under the P’s headed with a blue guide card with Park- 
hill Co. on the raised portion will be grouped all of their service locations 
together. 

As new services are put in, the cards for them are placed in their proper 
street. Some of the advantages of this system are that, once started, it 
never has to be copied on account of outgrowing the books, is always up to 
date, arrangement of cards can be varied to suit any new desires, and by 
using plenty of guide cards it is just as easy to find a card among 10,000 
as 2,000 services. As one uses it they will find many other advantages. 


DISCUSSION. 


Mr. Caase. Mr. President, this interesting paper illustrates some details 
that occur in the course of experience, which an individual may think are 
too trivial for any one to care anything about, but which are really of some im- 
portance. I have used a card index for about the same purpose—for index- 
ing consumers’ accounts. Our books are laid out on a four years’ system. 
They are ruled so that the accounts have to be changed from one book to 
another only once in four years, giving sixteen lines to a consumer and 
four consumers to a page. We have a card index which gives the name of 
the street, the name of the consumer, contains the ledger page, the number 
of the application—which runs, of course, consecutively in the application 
book—the number of the service, which runs in the service book, the me- 
ter, if it is a metered consumer, and some other data. The first consumers 
did not have any stop boxes at the curbstone, and that is also noted, and 
those are being placed in from time to time. Our books are laid out on 
the street system—that is, the streets are arranged alphabetically in the 
book, and the consumers are located by the number on each street. As soon 
as a consumer is shut off for any purpose, the card is immediately taken 
out of the box and put in another box, where they are arranged alphabeti- 
cally under street heads, very much as in the box shown by Mr. Brown. 
So, if a consumer is shut off for any reason for any length of time, within a 
certain period, say a year or two years, and the property has changed hands; 
if a person comes in and wants water and gives the number of the street, we 
know where to look forit, and have the name of the preceding consumer. 
I find the card system of great use. As Mr. Brown says, it can be kept up 
to date, and the index is all right all the time. In case of any change of 
name of the property, the top name is erased and the other written, You can 
use the same card for three or four changes, and then it can be replaced by 
another card. It is very inexpensive, and I assure you that any one who 
gives this plan a trial will find it applicable in a great many cases. 
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USE OF TAPPING BAND ON CAST-IRON PIPE FOR LARGE CONNEC- 
TIONS. 


BY 


Luoran E, Taytor, C. E., Boston, Mass. 


[Read March 13th, 1895.] 


I have often been much impressed with the difficulties that the Superin- 
tendents of Water Works in our smaller villages and towns have to contend 
with, through the lack of skilled labor and the proper tools to accomplish any 
piece of work that is at all outside the usual routine, so that what would with 
the Superintendents in our larger cities and towns be a matter of trivial im- 
portance becomes a source of anxiety, and the result often is an inferior or 
patched up piece of work. 

As a very large number of the members of our Association are connected 
with works of quite recent construction and of very moderate size, it will not 
be amiss at this time to briefly describe an appliance which has been success- 
fully used in tapping pipe for the larger size connections. 

I have many times seen Superintendents much perplexed to know how to 
make connections for 2-inch, 24 and 3-inch pipes. 

Most small Water Works have a number of these connections to make for 
various purposes, such as motors for printing presses, milk separators, cream- 
eries, coffee grinders, elevators and fire purposes. 

They usuully do not have the appliances and the skilled labor necessary 
for drilling the hole and cutting the thread essential for such size pipe. 


We all know it requires considerable skill to cut the thread properly, and 
in case of failure we are at our wits’ end to know what to do with the open- 
ing made. Even when the work is properly done the cutting away of so 
much metal considerably weakens the pipe at this point. 


As far as my observation goes, these connections are made by tapping in 
4, 5 or 6 three-quarter-inch or inch stops. These are then connected by lead 
connections, or a series of them, to the main service pipe. This requires a 
number of large lead joints, which are quite apt to be very clumsily and 
unskillfuily made, as oftentimes much of the work is donein the trench and 
the connecting together of the various small pipes with the large one re- 
quires considerable skill. This method also has the drawback of cutting a 
series of holes in the main pipe a few inches apart and in line with each 
other, thus in some cases quite seriously weakening the main pipe. 
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About two and one-half years ago I had occasion to attach seven or eight 
3-inch blow-offs on 14 and 16-inch pipe, the main supply for the village of 
St. Albans, Vt. 

In this case I bolted to the main pipe a tapping band of cast-iron, with 
the thread for the outlet pipe already drilled. The casting was made so there 
was @ space next the pipe, which was filled with cement, and around the 
opening through the band was a heavy rubber packing, molded to fit both the 
band and the pipe. This made a water-tight joint, and made it perfectly 
feasible to let on water as soon-as the connection was made and before the 
cement had hardened. After the application of the baud, the hole was 
drilled through the main pipe by use of an ordinary drill. 

This method is inexpensive, and instead of weakening the pipe at this 
point has a tendency to strengthen it. The threads for the attachment of 
the valves or blow-off pipe are cut by machinery in the shop, and can thus 
be made more reliable and perfect than if the work were done in the 
trench ; alsoif the opening through the pipe is irregular or unskillfully done, 
it does not practically do any harm. 

These bands can be applied and all the work done by men who would 
not have the necessary skill to tap so large an opening in the main pipe it- 
self. 

For the preservation of the bolts and nuts from corrosion they should be 
covered with cement mortar made of cement and sand in about equal parts. 
These bands are practically the same as are used when tapping cement-lined 
pipe for services of various sizes. They can always be procured of the 
Union Water Meter Co., Worcester, and probably of other parties in New 
England. 

In most cases, I believe, large connections can be made with greater 
safety in less time and with less trouble and expense than by using a num- 
ber of small taps or cutting in a branch on the main line of pipe. They 
may be applied to any size or thickness of cast-iron pipe. 
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HOW TO REDUCE THE EXCESSIVE CONSUMPTION OF WATER. 


BY 


J. C. Hasketx, Superintendent, Lynn, Mass. 
[Read March 13th, 1895.] 


In presenting this article I wish to say that I do not attempt to fully cover 
all of the various points that should be considered in dealing with this ques- 
tion, but think that more attention should be given to this, one of the most 
important features in a water supply. 

When we compare the amount of water used for consumption, we find that 
in eight of the principal cities of England there was used an average of but 
14.82 gallons per consumer (the English gallon, however, contains one-fifth 
more water than the American), which amount, for purposes of comparison, 
we will add, making the total of 17.78 gallons per consumer. 

When we compare these figures with the amount used in our cities, their 
significance can be fully seen and the urgent necessity that exists to more 
nearly approach results that have been attained in other places. 

Again, we see in cities near at home a remarkably low rate of consumption — 
in Woonsocket 21 gallons, Fall River 28 gallons per consumer, which shows 
conclusively that very low figures may be reached. 

In considering the reduction of the consumption I will confine myself to 
what is brought to my attention in the city of Lynn and the particular causes 
that contribute to the waste. 

The tirst is to be found in the unnecessary amount used by each consumer. 

The second by the improper plumbing, the most prominent feature being 
the ball-cock in tanks used for the flushing of water closets. 

Third. The leaks in main and service pipes. d 

Fourth. The fact that no charge is made for use of water for public pur- 
poses. 

Fifth. The regulations require all domestic takers by meter to pay a min- 
imum rate of ten dollars per annum for each house so supplied, which allows 
a use of 50,000 gallons at the same price as though its use was restricted to 
1,000 gallons. 

I see no way to reduce to any extent the waste occasioned by the individual 
consumers, except by measuring the amount of water used and establishing a 
fixed rate per 1,000 gallons, thus making him directly interested in reducing 
the amount of water used. 

The second source of waste can only be partially met by stringent regula- 
tions and a conscientious plumbing inspector. 
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The third source, leaks in mains, would be much reduced by taking out the 
remaining portions of our cement-lined pipes and relaying with cast-iron. 

Fourth. Use of water for public purposes. There seems to be a disposition 
on the part of every one to value their property directly in proportion to its 
cost. 

A department of the city having charge of the public fountains, drainage 
and schools, will indulge in a much more extravagant use of water when its 
use can be obtained free of cost than when the expense has to be deducted 
from their appropriations. 

Fifth. Adopting a fixed rate for the quantity used. 

As bearing upon this waste, and also to form an estimate of the probable re- 
duction in amount if such a regulation was adopted, requiring a fixed rate per 
1,000 gallons for all water used, I will submit the results obtained from the 
amount of water used in ten houses in each class occupied by three different 
classes of domestic takers. These figures were prepared by the registrar, and 
represent the amount of water used in one year in houses occupied respectively 
by one, two and three families, furnished with all modern conveniences and 
calculated upon the basis of four persons in a family: 


Max. Min. Ave. 
Three families............... 67,000 30,000 52,350 

Max. daily. Min. Ave. 


From these quantities used I infer that the parties interested had a whole- 
some respect for the expense, and regulated the use of water to come within 
the minimum limit. 

To still farther show how readily the consumer conforms to existing regula- 
tions. when it is to his advantage so to do, I will cite three instances observed 
of meters newly put in service where the second readings show a reduction 
over the first respectively of 40 per cent., 50 per cent. and 75 per cent. 

This saving was not due to leaks repaired, as none could be found, but was 
entirely owing to the desire to reduce the expense, 

This large reduction was probably not as great as it would have been had 
the meter been placed in position without their knowledge and remained so 
until the first reading was taken. I consider it as important to reduce the 
consumption by all practical methods as to reduce the first cost of introducing 
a water supply, or in increasing the supply when it becomes inadequate. 

In the table presented above we find that in both the second and third class 
houses the minimum rate of consumption is seven gallons; the average was 
respectively 13 and 12 per consumer. No complaints were made in any case 
on account of an insufficient supply, and the parties used all of the water for 
‘ which they were willing to pay, and would have used a less amount if by so 
doing they would have been at less expense. 
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The most efficient factor to be used in preventing a waste of water is with- 
out question a meter. I will not undertake in the limited time I am expected 
to occupy today to present any extended argument in favor of their general 
use. It does not seem to me to be necessary. I will, however, submit my be- 
lief that every service should be métered, and that the only classification of 
water rates should be based on the amount of water,used. The only distinc- 
tion in rates should be based on the purpose for which it is used, it being 
more valuable for some purposes than others. 

I believe that the application of meters to every service, together with a 
fixed rate by which a consumer is not obliged to pay for water which he does 
not use, would undoubtedly reduce the consumption as far as domestic services 
are concerned below a general average of ten gallons per consumer. 

The only objection that seems worthy of consideration in adopting this 
method of reducing consumption is to be found in the incentive given to re- 
duce consumption to such an extent as to affect the cleanliness and health of 
the community. 

This argument, however, is partly met by the answer that the class of cit- 
izens to whom it would principally apply reside in tenement houses and suffer 
the poorest kind of accommodations in all respects. Their water supply being 
under the control of a landlord, who is conducting the water supply upon busi- 
ness principles and very little regard to the health or comfort of his tenants; 
buying the water from the city by measurement at minimum rates and doling 
it out in the most economical manner by throttling the supply to such an ex- 
tent in some instances as to reduce the consumption to less than two gallons 
daily per consumer. : 

While the use of water for business purposes, such as running motors and 
elevators, cannot be considered as a waste and has always been permitted, 
such use should be discontinued for the reason that the work can be performed 
by power generated from electricity at a reduced expense. 

If the water used for public purposes was paid for by each department in 
proportion to its use, we should make a saving of at least 75 per cent. in that 
direction. 

I have no doubt that were the suggestions contained in this paper put in 
force, the consumption of water would be reduced to less than 30 gallons per 
consumer. 


DISCUSSION. 


Mr. Brackett. While I am in hearty accord with the general proposition 
that the consumption of water in most of our cities and towns is excessive, I 
must. differ with Mr. Haskell in his conclusion that it would be possible, if his 
suggestions were adopted, to reduce the consumption to less than 30 gallons 
per consumer, and I will give you an example to illustrate my point. In a city 
having 30,000 consumers, where there are 3,250 taps and 3,148 meters, the 
daily average consumption for 1893 was at the rate of 75 gallons per consumer. 
All the services were metered and the actual amount which was sold was 49 
gallons per consumer. 
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A Member. ‘The 75 gailons was measured on the pumping tecord? 

Mr. Brackett. Yes, sir. 

Mr. Haskett. I would like to ask Mr. Brackett what the minimum rate 
was, whether there was any inducement for anybody to reduce the amount of 
water used or not? 

Mr. Brackett. I donot know. A large part of the quantity sold, 25 gal- 
lons per day, was used for manufacturing purposes. That naturally would not 
be at a mipimaum rate. There were 24 gallons used for domestic purposes. I 
think you will generally find that where meters are applied for domestic pur- 
poses on first-class houses, the consumption will not average more than 24 or 
25 gallons per consumer, and in a great many cases it will be very much less. 
But I also think that after you have metered every service pipe in the town 
there will be from 30 to 40 per cent. of the water unaccounted for. 

Mr. Hasxett. I have found in looking over the reports of different cities 
that when we come to study into what is done in one city and what is done in 
another we find the same difficulty that Mr. Brackett evidently has. There is 
a big margin of 40 or 50 per cent. he does not account for. I would like to 
have him explain how in some of these cities—we will say, like Fall River and 
Woonsocket—they succeed in getting down to these low figures, while other 
cities that perhaps ought to do equally as well do not get down there. 

Mr. Brackett. One very great reason in the case of Fall River is that very 
little water is used for manufacturing purposes. In Fall River the whole 
manufacturing consumption, both metered and unmetered, the unmetered 
being estimated, is only about 2 gallons per capita, while in this case which I 

have just cited it was 25, and in Boston itis 30. And you will find, I think, 
that the small consumption in other places would be for the same reason. 
You cannot justly compare the consumption of a city where the metered con- 
sumption is 25 or 30 gallons per capita for manufacturing purposes with Fall 
River, where it is only 2 gallons, and in cases where the house services are 
metered the domestic consumption will probably be found about the same. 
I do not wish to argue against the use of meters, because I believe that their 
use is a very strong factor in reducing the consumption of water, but I do say 
that the use of meters will not reduce the consumption in all cases, or even in 
many cases, to 25 or 30 gallons per capita. I do not believe it is possible to 
do it. ; 

Mr. Tripp. I imagine that very much of that variation can be traced in the 
character of the population of a place. Ina large manufacturing town, where 
there are a great number of mill operatives who live very compactly in beard- 
ing houses, there is less water used than there is in a city like Newton, where 
there are large gardens and lawns, and where the population is composed of a 
class of people who use water plentifully for all purposes. I imagine if you 
traced the conditions in these places that have so small a consumption they 
will be found to be those manufacturing towns where the population is packed 
in closely together. Take Woonsocket, for instance, as a good example of 

that. And I think you will find it so in all cases. I know, in fact, that the 
character of the population has much to do with the amount of water that is 
used, 


q 
. 
q 
2 
P 
q 
4 
q 
4 
3 
a 
fa 
a 
5 
* 
4 
4 
{ 
4 
€ 
4 
a 
q 


NEW ENGLAND WATER WORKS ASSOCIATION. 235 


Mr. Cuace. I have one case in my mind in Taunton which I will mention, 
to meet the suggestion made in the paper that the tenants are sometimes not 
well used by the landlord. It is my experience that sometimes the landlord is 
not well used by the tenant, and that where the landlord pays the bills the 
tenants oftentimes waste the water. Now, here is a case as an illustration: In 
acase where the supply of three buildings occupied by six families and a 
store was taken through one meter the consumption was found to be 2,700 
cubic feet per month. The landlord questioned the accuracy of the meter, 
but on placing two additional meters, so as to subdivide the supply, they were 
found to agree with the main meter. By setting metersin the pipe supplying 
each family in one of the houses it was discovered that one of the tenants was 
using the greater portion of the water, and the consumption was finally re- 
duced from 2,700 cubic feet to 840 cubic feet per month. y 

Mr. Cranpatu. I would like to ask Mr. Chace who bore the expense of that 
experiment. 

Mr. Cuace. The water department, for its own satisfaction. 

Mr. Hasxeuy. I would like to suggest to Mr. Chace that his illustration 
shows that the landlord was looking sharp after the waste of water. 

Mr. Cuase. If all the water is metered, I do not see as it makes any differ- 
ence on business principles whether you reduce the per capita consumption or 
not, People who undertake to sell water as a money making business like to 
have the water used. I call to mind one case illustrating the relations between 
landlord and tenant, where the bill was something like $25 a quarter for a 
building with three or four tenants, and two or three stores. The landlord 
was complaining all the time about the meters being wrong, but after a while 
he found out that one of his tenants opened the faucets so as to have the 
water run continuously, in order to work out a grudge he had against the land- 
lord. He thought that would bea nice way for him to get even. I think it 
cost the landlord about $30 in the course of a year. As soon as he discovered 
it and got rid of his tenant, the bill came down to a proper amount, and after 
that he was willing to believe that meters might be right. 

We have some 200 meters supplying private houses, and we find an allow- 
ance of 135 gallons per day about right; very few families use over that 
amount of water. That permits a moderate amount to be used for the gar- 
den, it is a class of house with water closets and a bath room, and the 
people are reasonably clean. I suppose, with servants, most of them have one 
or two negroes around, the average would be six persons to a family ; but as an 
offset the washing is not done on the premises, which, of course, would make 
acertain amount of saving. That with an averageof five persons would be 
about 27 gallons per day per consumer. That is a very fair estimate for the 
use of water in a southern town, where there is certainly a much larger amount 
of bathing done than there naturally isin a northern city. It shows to what 
the consumption can be reduced for household purposes. 

Mr. McNatty. We had a case in our city similar to the one which Mr. 
Chase mentions, and in reference to what the last speaker said, that it does 
not matter how much water is used when it is all metered, I would say, I 
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think it does. It matters in this way, that the more water wasted, the more 
abuse the registrar has to stand when the consumers come to pay the bills. In 
the case to which I refer the building was occupied by four tenants, who were 
considered a very nice class of tenants. We had a meter on the building for 
six months and the bill was$72. Of course, the meter was wrong. ( Laughter.) 
By reading the meter every Monday morning for four weeks, the consumption 
was reduced to a reasonable amount. But it was six months before we dis- 
covered the %tause of the trouble. I agreed with the owner that the amount 
of water used could not be used in any proper way, but to place where the 
waste was you could not. But one day we learned that one of the tenants had 
been in the habit of leaving his faucet open in order to get square with the 
landlord. We have at the present time a minimum rate I think as low as any 
place, $6 for a dwelling without regard to size. And I find that the small 
consumers when their bill for six months is twenty-five cents over $3 will 
complain, while when the minimum rate was $10 they were perfectly satisfied 
if they could keep within that limit. 

Mr. Porter. Just a word, showing how the landlords sometimes manage. 
I remember having seen a number of cases in this city where tenants’ 
water-closets on the second floor were flushed only by a sink waste-pipe from 
the floor above. That seems to me a good example of economy on the part 
of the landlord. 

Mr. Futter. I think there is one reason for reducing the waste of water, 
which has not been mentioned, and that is, that many towns are now using 
nearly all the water that is available, and to increase the supply would cost a 
considerable amount of money. This was the situation a few years ago in 
the town of Wellesley. In 1890 we used about 93,227,000 gallons. Then we 
adopted the use of the meters. It was not until last year that we had them 
on every tap, and our consumption for 1894 was 67,900,000. We have now 
647 services ; in 1889 the number was 503. We have reduced our consumption 
about 30 per cent., while our consumers have increased 10 per cent., and 
even in such a dry season as last summer, we had water enough. 

We have a minimum meter charge of $6, which allows for the use of 16,000 
gallons, and any used in excess of that is charged at the rate of 25 cents per 
thousand gallons. This rate is rather low, but with us it is not so mucha 
question of income as to make the amount of water we have available, suffi- 
cient to meet the demands of the town. Our population in 1890 was some- 
where about 3,600; it is somewhat more now, but on the basis of 3,600 the 
consumption would be about 50 gallons per inhabitant. 

Mr. Hasxett. While I do not believe in reducing the amount of water to 
a point that would in any way interfere with the health or cleanliness of 
the city, I do think that the water works should be managed in the most 
economical manner, and I see no better way to do this than to reduce the con-, 
sumption of water to as small an amount as possible. 

Mr. Wasuineton. As a member of the Tenement House Investigation Com- 
mittee appointed by the legislature of New York recently, I may say that we 
took a census of 42,000 tenements in New York city, and in one particular 
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territory we found a population as great as 1,000 to the acre, which is more 
dense than in any other place on the face of the globe, not excepting Bombay 
or Calcutta, or Constantinople, or Budapesth which is very thickly settled, or 
Berlin. We took a census of 255,000 people in the Hebrew section, and of 
that number I might ask the members of the Association to guess how many 
have access to baths. There were 309 out of 255,000 who had access to baths, 
showing how small the consumption of water must have been for that quarter 
of a million of New York’s inhabitants, at least for washing purposes. Of the 
42,000 tenements, of which we took a census, although this fact was not 
exactly determined, I will venture to say that at least 25,000 had only one tap 
in the hall on each floor. There was no running water in the rooms at all, and 
all the tenements had to go to the hall to get water from the tap, and then 
had to carry the water a certain distance, which would also tend to minimize 
the consumption. ‘The sanitary arrangements for a great many of the older 
tenements consisted merely of a water-closet in the yard ; consequently only 
the most serious calls of uature would be attended to by going to the yard, 
and the rest would be attended to by means of a pan in the room, which 
was emptied into the sink. I might go on multiplying situations, which we 
found to be very serious, and in fact horrible, in a great many cases, to 
show that there is a very large portion of the people in New York who 
must use a comparatively small amount of water. The Trinity Corpora- 
tion, which owns a large amount of property in New York, have in many 
of their tenements no water, but simply a hydrant in the yard. We got 
a law passed by the legislature compelling the putting of water on every 
fioor in a tenement house, and they fought that on constitutional grounds, 
and it was at first decided that it was unconstitutional, but that decision 
has recently been reversed, and it has now become a law that landlords 
must put water on each floor. In a great many cases we found water had 
to be carried up two or three flights, which tended to minimize the con- 
sumption still further. 

The recent consumption of water in New York has been about 200,000,000 
gallons a day, which shows that the amount per capita used for manufacturing 
purposes must be very large indeed, or the amount wasted must be excessive 
to an extreme degree, when we have such a large proportion of the population 
using such a small amount of water for domestic purposes. 

Mr. Watxer. This is an old subject. I have heard it discussed a great 
many times, still it is very interesting to me, because I have had more or less 
trouble with meters. Complaints are often made that the meters do not reg- 
ister correctly, but in all cases where we have tested them we find the meter 
tells the truth. I don’t see, however, how you can meter a service pipe and 
read the meter and keep it in repair unless you receive about $15 a year. That 
may seem queer to some of the gentlemen here, the gentleman from Lynn, 
for instance, but I don’t see how you can take care of the meter for less money. 
We furnish our own meters in Mauchester. If there is anything that causes 
dissatisfaction it is a meter, because people will all tell you they have not 
used the water. For example, a man came into my office one day and said he 
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wanted to havea meter put on. Said I, ‘‘What do you want to have a meter 
put on for?” He said he paid $15 a year now. Said I, ‘‘You don’t have to pay 
but $15, and suppose you have a meter on, you will have to pay $12, for that 
is the minimum rate.” Well, he said he might as well have that $3 as to give 
it to the city. ‘‘ Well,” said I, ‘‘ you can have it put on, but I had rather pay 
double and not havea meter. I should advise you not to have it put on.” 
Well, he said he would have it on, because there was nobody but himself and 
his wife and one child, and they didn’t use any water to speak of. So we put 
a meter on, and for the first three months the bill was $8, or at the rate of $32 
per year. Down he came to the office, and said he: “ You are robbers. There 
is no mistake about it; everybody says you are robbers. You have got the 
name of being robbers.” SaidI; ‘‘You go back home and see if that hand is 
going round, and if you see it is don’t come to me, but you go and look ; take 
a lantern and go down cellar and look.” I saw him down town a while after- 
wards, and he acknowledged that the hand was going. ‘‘ Well,” said I, ‘that 
tells the story,” and he was obliged to acknowledge that he did use the water. 
Now, we have got some 3,000 meters in Manchester, but if there is anything 
that causes trouble, tribulation and vexation of spirit, excepting cement pipe, 
these meters do. 

Mr. Haskett. I would like to ask Mr. Walker if the trials and tribulations 
he has been put to on account of meters have not been almost entirely due to 
the desire of the people who come to interview him to reduce the amount of 
payment for water? 

Mr. Waker. Thatis right. I won’t argue against that statement. (Laugh- 
ter.) 

Mr. Wasuineton. I might accentuate what I said as to the extensive use of 
water in New York by stating that in our investigation we discovered that 
nearly 75 per cent. of the people in New York lived in tenements, the legal 
definition of tenement there being a house that is occupied by more than three 
families. Throwing out the better grade of apartment houses, which approach 


hotels, we found that 63 per cent. of the entire population was living in tene- — 


ments, and in a large number of cases we found from & to 14 persons living in 
2 or 3 rooms ; and, as they had to take their water from a tap in the hall, or 
bring it from the yard, of course the consumption per capita is very small in- 
deed. In many of the cases where they had bath-tubs, we found the tenants 
used them for coal bins or general storage purposes. 

Mr. Watxer. I would like to know if there is any gentleman here who has 
tested a meter and found that it did not register against the city ? 

Mr. Hasketi. I would like to answer Mr. Walker’s question, and I can tell 
him I have repeatedly tested meters, and almost without any exception, what- 
ever error there was found was in favor of the consumer instead of the city. 

Mr Cuase. I can relate a little incident which may throw some light on this 
subject. A meter, which had been supplying a manufacturing concern whose 
bill was about $150 per year was taken out at the end of three or four years 
and it was found to be over-registering something like five per cent. The ma- 
chine was sent to the maker and the report came back afterwards that one of 
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the change gears had been stamped wrong. In this case the manufacturer had 
been robbed but the punishment seemed to fit the crime, for he was a bad man 
and left off business owing something like $50 or $60 for water. That is the 
only caseI know of where a meter registered against the consumer, and in that 
case the error would have been discovered originally if the meter had been 
tested before being set. I am under the impression that my namesake from 
Taunton stated in his report of a year ortwo ago that he had discovered some 
meters that registered against the consumer. Perhaps he can tell us some- 
thing about it now. 

Mr Cuace. Mr. President, our report for this year is just issued, and will 
be sent to the members of the Association within a few days. That contains 
the results of 878 tests made during the past year. We testa meter, sometimes 
for the full capacity, sometimes for a yuarter-inch or eighth-inch stream, and 
sometimes smaller, but generally for five-eighth and three-quarter meters we 
take quarter-inch and one-eighth inch streams, sometimes the full stream. 
In most cases the meters are in favor of the consumer, but I have repeatedly 
seen cases where they register against the consumer by a small percentage. 
Five per cent. is a large percentage to be against a consumer, and that is 
usually in the case of new meters which are so made that while they are new 
they will over register somewhat in order to make allowance, I suppose, for the 
wear which will take place, so that after the meter has been in use a while it 
will under-register. But there are cases where meters over-register, although 
as a general rule they are in favor of the consumer. 

. Mr. Cranpatu. I would like to ask Mr. Chase if I understand him to say 
that a meter tested and recording accurately, or within a prescribed limit, in 
his opinion can ever register in favor of the city. If they are once right, can 
they, in your opinion, become wrong in that direction ? 

Mr. Cuace. If 1t registers correctly in the first place, it will continue to do 
so, with some exceptions which I do not care to discuss at the present time. 
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A DESCRIPTION OF THE WATER WORKS AT WEBSTER, MASS. 


BY 


Frank L. C. E., Boston, Mass. 


[Read March 13th, 1895.] 


Webster is a town of about 7,000 inhabitants, situated about 16 miles south 
of Worcester, on the Norwich & Worcester division of the New York & New 
England Railroad, and also on the Webster branch of the Boston & Albany 
Railroad. 

The industries of the town are large woolen mills owned by Mr. H. N. 
Slater, and the population is made upto a considerable extent of his opera- 
tives, who are largely Poles, French and German. 

The accompanying map shows the system of pipes, also the well, pumping 
station and stand-pipe. 

It was decided to take the water from a collecting well located near Lake 
Chaubunagungamaug. This is rather a long name for a very beautiful lake. 
It is said to be a contraction of the old Indian name said to be spelled thus: 
Chargoggagoggmanchauggagoggagu ngamaugg. 

In order to determine the be st location for the well, 10 23-inch test wells 
were driven in various places by Mr. Daniel Russell, member of this Associa- 
tion. The best results were obtained at the point at which the well was after- 
wards built, as shown onthe map. The material at this point was coarse sand 
and gravel. The other test wells, which were driven 300 or 400 feet from the 
lake and south of the location adopted, showed the material to be a fine sand, 
from which little water could be obtained. 


Toe WELL. 


The specifications called for a clear diameter of 25 feet at the bottom and 26 
feet at the top. : 

Bids were received, stating price for a well 20 feet deep complete. In case 
it was thought desirable to have a deeper well, the price for each additional 
foot up to a total depth of 30 feet was also given. With this arrangement the 
well could be stopped at any depth between 20 and 30 feet, according to the 
yield of water, 
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The prices of the bidders were as follows: 
Thomas Hennessey, Jefferson, 


1st 20 feet. For 5 feet additional For 5 feet additional Total for 30 feet. 
per foot. per foot. 
$6,940 00 $500 00 $750 00 $13,190 00 
Nahum Perry, Attleborough, 
1st 20 feet. For 5 feet additional For 5 feet additional Total for 30 feet. 
per foot. per foot. 
$8,000 00 $300 00 $500 00 $12,000 00 


At the depth to which it was expected the well would be built Mr. Hennes- 
sey was the lower builder, and the contract was awarded to him. It was 
finally concluded to go to a depth of 30 feet. At this depth Mr. Perry’s price 
would have been the lower. 

The well is located about 300 feet from the lake. The excavation was made 
by driving two-inch plank sheeting outside of ribs made of three thicknesses 
of 3-inch spruce plank sawed to the proper circle, and spiked or bolted 
together. Sometimes another thickness was added. The sheeting was in two 
sets, as plank could not be obtained long enough to extend to the bottom, 
and it would have been difficult to have driven them, even 1f such lengths 
could have been found. 

The water was removed by two 6-inch centrifugal pumps. The yield at a 
depth of 30 feet was at the rate of about one million gallons in 24 hours. 

After the excavation had been made, a dry rubble masonry wall was built 
within it. This wall was 5 feet thick at the bottom. Ataheight of 3 feet, this 
thickness was reduced to about 3 feet 8 inches by an offset on the inside. The 
shoulder thus formed supports a circular brick lining 12 inches thick, laid in 
cement. The dry rubble wall is reduced in thickness, so that at the top it is 2 
feet. 

At the top are laid heavy coping stones, 3 feet wide by about the same length. 
These bind the stone and brick work together and make a foundation for the 
wooden roof. 

The upper 4 feet of rubble wall is laid in cement. 

The well is similar in construction to that built at Waltham in 1891, and de- 
scribed in Vol. IV., No. 4, of the New England Water Works Association Journal. 
With that paper is a sectional drawing showing the construction of the well. 

The well here described was begun in August, 1893, and completed in No- 
vember of the same year. It was afterwards covered with a wooden roof cost- 
ing $320. 

Cast Iron Pips. 

Proposals were received for about 760 gross tons of 16, 14, 12, 10, 8 and 6- 
inch pipe, delivered on the cars at Webster, and the contract was awarded to 
the Jackson & Woodin Manufacturing Co., Berwick, Pa., at the following 


prices : 


Pree Layina. 
On July 28th, the proposals on following page were received: 
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The work was awarded to Mr. L. A. Taylor, of Worcester, member of this 
Association. The pipes were filled and tested the latter part of December. 
But few leaks were found, and these were promptly repaired. 

_Sranp Pier. 

The contract for erecting a wrought iron stand pipe 30 feetin diameter and 
100 feet high was awarded to the Cunningham Iron Works Co., Boston, without 
roof for $10,870. A rather flat conical wooden roof was adopted, the cost be- 
ing $325. 

The stand pipe rests on a foundation of rubble masonry laid in cement. It 
is about 6 feet deep and has an average diameter of 31 feet. 

The force main connects with the bottom by means of a 16-inch quarter 
bend. 

A brick arch extends a short distance under the tank or stand pipe, and 
through this the force main and quarter bend are laid. 

The stand pipe is composed of 20 courses of refined plate iron of 50,000 lbs. 
tensile strength. 

The shell is connected to the bottom by a 6x6xj inch angle iron, riveted to 
the outside of the shell. 

The horizontal seams in the first ten courses and all the vertical seams are 
double riveted. Tbe horizontal seams in the second ten courses are single riv- 
eted. 

The capacity of the stand pipe is 5,288 gallons for each foot in depth, or 
528,770 gallons for the whole height. 

The bottom of the stand pipe is 3 inch in thickness, The different courses 
are of the following thicknesses in inches : 


1st and 2nd 13-16 llth and 12th 8-16 
3rd ‘“* 4th 12-16 13th ‘‘ 14th 7-16 
5th ‘* 6th 11-16 15th “ 16th 6-16 
7th “ 8th 10-16 17th “ 18th 5-16 
9th ‘ 10th 9-16 19th “ 20th 4-16 


A vertical iron ladder on the outside extends from a level of 12 feet above 
the ground to the top. 

A balcony 30 inches wide, supported by iron brackets, extends around the 
top. 

The stand pipe is about 40 feet from the line of force main from the pump. 
ing station tothe town. About 12 feet of this distance consists of 12-inch 
pipe with a 12-inch gate in the middle of it, At either end is 16-inch pipe to 
the force main and to the tank. Around this piece of 12-inch pipe is a 14- 
inch by pass, with a 14-inch check valve in the centre, and opposite the 12-inch 
gate. 

This check valve opens from the stand pipe. 

By partially closing the 12-inch gate additional pressure is thrown on the dis- 
tribution system. In case of fire, when the water is low in the stand pipe, the 
12-inch gate can be closed and water supplied by direct pumping. When the 
pump is stopped, the check valve opens and the town gets the benefit of what- 
ever water is in the stand pipe. 
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Gares AND Hyprants. 

The bid of the Chapman Valve Co., of Indian Orchard, Mass., for water gates 
was accepted, and fire hydrants were furnished by the Ludlow Valve Manufac- 
turing Co., Troy, N. Y. 

The dimensions of the hydrants are as follows : Diameter of inlet or seat 
ring 44 inches ; diameter of stand pipe, 6} inches; two 2} inch nozzles; dis- 
tance from top of six-inch branch pipe to sidewalk level, 5 feet, and diameter 
of bell connection, 6 inches. 

Iron extension gate boxes and service boxes were furnished by Messrs. Bing- 
ham & Taylor, Buffalo, N. Y. 


Pumpine Sration. 


The pumping station is located east of the Southbridge branch of the N. Y. 
&N. E. R. B., about 300 feet west of Lake Chaubunagungamaug. 

Plans and sansitontinns were prepared by Mr. E. N. Boyden, architect, of 
Boston. 

The work was awarded to Mr. F. A. Upham, of Webster, for the sum of 
$5,000. 

It is a neat and substantial brick building, with a brick chimney 75 feet 
high. The engine room is 29 feet, 10 inches 28 feet; the boiler room 35 X 30 
feet, and the coal room 20 30 feet 2 inches, all inside measurements. 

The boiler room connects with both engine and coal rooms. The engine 
room has a bard wood floor. The boiler room has a Portland cement concrete 
floor. Under the engine room isa basement about four feet deep, containing 
suction and discharge pipes, steam traps, ete. The brick work, both inside 
and out, is laid in red mortar, The roof is covered with slate. 

Coal can be easily unloaded from carts into the coal room, which has a capac- 
ity of about 125 tons. 

The engine room contains an indicator operated by a float, showing the 
height of water in the well, which is about 35 feet away. 

It should also have anelectric recording instrument to show and record the 
height of water in the stand pipe. It would also be extremely useful and con- 
venient to have a similar indicator in the water commissioners’ office. 

With this indicator at the pumping station, the engineer could fill the stand 
pipe and have no fear of overflowing it. The weekly cards from the dial would 
show the exact time of pumping and height of water at all times, day and 
night. 

Poumpina Pant. 

The specifications for pumping machinery called for a pump capable of rais- 
ing 1000 gallons per minute into the standpipe, the maximum lift being about 
200 feet. The engine to be compound, condensing. The plant to include two 
boilers, either to be capable of supplying the necessary steam to do the re- 
quired work, 

The contract was awarded to the George F. Blake Mfg. Co., Boston. Duplex 
pumping engine, having steam cylinders, 11 and 22 inches, and water cylinder, 
12 inches in diameter, all of 18 inches stroke. Two boilers with shell 16 feet 2 
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inches jong and 54 inches in diameter, having 72 three inch tubes 15 feet long, 
price $8,560. ; 

These figures included feed pump, air,pump, boiler foundation, fire tools, etc. 

The plant has an independent air pump and condenser, arranged to. take 
water from a small brick well connected with the lake or from the collecting 
well. Condensing water can also be supplied under pressure from the mains, 

The feed pump is of ample size, and is arranged to pump the feed water 
from a hot well supplied by the overflow from the condenser or from the well 
supplying the condenser. It can also take water from the main. 

The feed water can be passed through a heater, thereby utilizing some of the 
heat of the exhaust steam from the low pressure cylinders. 

The discharge pipe from the pump is provided with an Ashton relief valv 
and a check vaive. 

A test was made May 2: 1894, with the following results : 

Pump, 11 22 & I2 X 18 inches, duplex. 

Plunger rods, 2} inches diameter 

Time of test, 11.30 a. m. to 5 p. m., or 5 hours and 30 minutes. 

Coal burned, 800 pounds ; weight of a gallon of water taken as 8.34 pounds. 

Total number of revolutions (by counter), 9,922, or 39,688 strokes, 

Averge length of stroke, as measured, 1.524 feet, or 18.288 inches. 

Average water pressure, by gauge, during test, 73-2 pounds. 

Correction (gauge found to read too much) 2. 

Corrected pressure, 71.2 pounds, equivalent to a head of 164.47 feet. 

Average distance from centre of water pressure gauge to water in well during 
test, 21.47 feet. 

Total lift, including friction and suction, 185.94 feet. 

In order to determine the amount of water delivered by the pump at each 
stroke, the town was shut off, and all water for 1 hour and 15 minutes was 
pumped into the standpipe and accurately measured. During this time the 
surface of the water in the stand pipe was raised 14.90 feet, amounting to 
78,786.04 gallons, the stand pipe being 30 feet in diameter. ‘ 

During this time the pump made 9,532 strokes, of an average length of 1.52 
feet, or a total piston travel of 14,488.64 feet; 78,786.04 divided by 14,488.64 
equals 5.488 gailons for each foot of piston travel, or 8.157 gallons for a stroke 
1.50 feet long. Using the figures given above the theoretical displacement 
would be 8.658 gallons. There is therefore a slip of 5.78 per cent. 

The average length of stroke for the whole run was 1.524 feet. 1.524 5 438 
X 8.34 (wt of 1 cubic foot of water)—69.115 lbs. lifted at each stroke. 


The duty is therefore, 
Wt. per Number of 


Stroke. Strokes. Lift. 

==63,755,000 ft. lbs. per 100 lbs of coal. 
800 
coal. 


The duty guaranteed by the makers was 55,000,000 pounds. They have there- 
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fore exceeded that duty by 15.9 per cent. It should be said that the test was 
too short to get the most accurate results. ; 

During the first hour and fifteen minutes, while the water was being pumped 
into the tank, the average pumpage was 1050 gallons per minute. For the 
whole time the average per minute was 997 gallons. Steam varied from 63 to 
75 pounds. Most of the time it was from 65 to 66 pounds. 

Hydrants were fiushed out, and all leaks in the mains were repaired before 
the middle of February, and the counter placed in position on the pump, and 
a record kept from February 20, 1894, to date. 

Pumping station record from February 20, 1894, to January 1, 1895: 


Number of gallons of Number of 
Month. Number of water pumped into Weight of cords wood 
hours run. Standpipe. coal b d b d 
March...... 126} 9,143,926 30,770 
Wows, 97} 7,198,243 28,775 
.. 99} 6,845,373 31,800 
September....... ...... 1504 6,243, 293 29,225 
81} 5,285,816 23,925 
November.............. 743 4,743, 663 22,825 
10363 68,890,666 266,020 184 


The cost of construction to December 31st, 1894, was $106,042.86. An item of 
$12,564.68 included in the above is for old pipes in the ground belonging to an 
old system owned by Mr. H. N. Slater, but as a small amount only of the pipe 
will be used itis hardly fair to include this amount in the cost of the works. 

Hydrant pressure varies from 55 to 115 lbs. per square inch. 

January 1, 1895, there were 490 taps, of which 96 were metered. It is prob- 
able that soon a much larger proportion will be. 

The water is of most excellent quality, as shown by the analysis by the State 


Board of Health, hereto appended. 
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USE OF AIR IN PRESSURE GAGES. 
BY 
Grorce E. Winstow, Superintendent, Waltham. 


I haven’t heard anybody tell here yetabout the mistakes they have made. 
Now, these will happen once in a while, and they are sometimes of value to 
ourselves and to others. I have one little thing in mind, and have had for 
some time, which happened before I became connected with Water Works. A 
corporation, by whom I was employed, had a tank in the attic of their build- 
ing, and as there was no way of knowing in the engine room where the pump 
was located, how much water there was in that tank, it would sometimes over- 
flow and damage the rooms below. Instead of obtaining a pressure gage, 
which would cost perhaps $4 or $5, it occurred to me that I could make one for 
50 or 75 cents which would do the work in good shape. 

With the aid of some iron pipe and a glass tube I constructed an air chamber 
so arranged that the pressure due to the depth of water in the tank was shown 
by the height of the waterin the glass tube. When first used this was a suc- 
cess, but in a very few hours the air was absorbed by the water, and the gage 
would not register correctly. 

Not being acquainted with this propensity of water to absorb air when com- 
pressed it was some time before I discovered the cause of the difficulty. 

At another time I established a float gage in the pumping station connected 
with the river by a pipe which for a short distance was raised slightly above 
the level of the water in the river. I had anidea that this would act as a si- 
phon but I soon found that water would give out air as well as absorb it and 
that my plan was a failure. 
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New England Water Works Association 
Membership Roll. 


June 1, 1895. 


Note.—The secretary requests to be advised of existing errors or change of 
address from that which appears in the following list. 


ACTIVE MEMBERS — RESIDENT AND NON-RESIDENT. 
Abbott, Everett L. 


218 Columbus avenue, Boston Mass. 


Allen, Charles A. 
Civil Engineer, 44 Front street, Rooms 109 and 110, Wor- 
cester, Mass. 


Allen, Charles F. 

Treasurer, Hyde Park, Mass. 
Allis, Solon M. 

Civil Engineer, Madison, N. J. 


Andrews, Frank A. 
Assistant Superintendent, Nashua, N. H. 


Armstrong, S. G. , 
First Assistant Public Works Office, Pittsfield, Mass. 
Babbidge, P. F. 


Superintendent, Keene, N. H. 


Babcock, Stephen E. 
Chief Engineer, Little Falls, N. Y. 
Bacot, R. C., Jr. 
Superintendent Meter Department, P. O. Box 461, Port 


Chester, N. Y. 
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Bagnell, Richard W. 
Superintendent, Plymouth, Mass. 


Bailey, George I. 
Superintendent, 61 State street, Albany, N. Y. 


Baldwin, Charles H. 
Box 2410, or 159 Franklin street, Boston, Mass. 


Baldwin, Richard 
Proprietor Water Works, Terryville, Conn. 


Bancroft, Arthur G. 
Civil Engineer, Box 506, Reading, Mass. 


Bancroft, Lewis M. 
Superintendent, Reading, Mass. 


Barbour, Frank A. 
Civil Engineer, P.O. Box 1235, Brockton, Mass. 


Barns, Everett 
Superintendent, Westerly, R. I. 


Barrett, Albert P. 
Water Registrar, Woburn, Mass. 


Barrus, George H. 


Consulting Steam Engineer, 95 Milk street, Boston, Mass. 


Bartlett, Charles H. 
Civil Engineer, 852 Elm street, Manchester, N. H. 


Bassett, Carroll Ph. 
Civil Engineer, Summit, N. J. 


Batchelder, George E. 
Registrar, Worcester, Mass. 


Batcheller, Francis 
Commissioner, North Brookfield, Mass. 


Bates, Theodore C. 


Chairman Water Commissioners, North Brookfield. Ad- 


dress, 29 Harvard street, Worcester, Mass. 


Battles, James M. 
120 Marginal, cor. Cottage street, East Boston, Mass. 
Beals, Joseph E. 
Superintendent, Middleboro, Mass. 
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NEW ENGLAND WATER WORKS ASSOCIATION. 


Beasom, C. B. 
Civil Engineer, 71 Wall street, New York city. 


Benzenberg, G. H. 
City Engineer, Milwaukee, Wis. 


Berkey, John A. 
Pres. Electric and Water Co., Little Falls, Minn. 


Bickford, Nathan B. 

61 Minot street, Neponset, Mass. 
Billings, William R. 

15 Harrison street, Taunton, Mass. 


Birkinbine, Harry 


Civil Engineer, Wayne, Delaware County, Penn. 


Bishop, George H. 
Civil Engineer, Middletown, Conn. 


Bishop, Watson L. 
Superintendent, Dartmouth, N. S. 


Blossom, William L. 
Civil Engineer, 355 Washington street, Brookline, Mass. 


Boggs, Edward M. 


Professor of Civil and Hydraulic Engineering, University 
of Arizona, Tucson, Arizona. 


Bolling, Charles E. 
Superintendent, Richmond, Va. 


Bowers, George 
City Engineer, Lowell, Mass, 


Brackett, Dexter _ 
Assistant Engineer, City Engineer’s office, City Hall, Bos- 
ton, Mass. 


Bradley, R. H. 


Receiver, Marshall and Burdick, Contracting Engineers, 
Watertown, South Dakota. 


Brinsmade, Daniel S. 
Engineer and Agent Ousatonic Water Co., Birmingham, 
Conn. 


Broatch, J. C. 
Superintendent, Middletown, Conn. 
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Brown, Arthur W. F. 
Registrar, Fitchburg, Mass. 


Brown, Edward H. 
Superintendent and Treasurer Nevada County, N. G. R. 
R., Grass Valley, Cal. 


Brown, J. Henry 


3 Tremont street, Charlestown, Boston, Mass. 


Brown, Milton A. 
Superintendent, Perth Amboy, N. J. ° 


Brownell, Ernest H. 
174 Weybosset street, Providence, R. I. 


Brush, Charles B. 
Civil Engineer, 1 Newark street, Hoboken, N. J. 


Bucknam, Geo. A. P. 
Superintendent, Norwood, Mass. 


Burleigh, John M. 
Superintendent, South Berwick, Maine. 


Burley, Harry B. 
31 Milk street, Room 55, Boston, Mass. 


Burnham, Albert S.. 
Superintendent, Revere, Mass. 


Burnie, James 
Superintendent, Biddeford, Me. 


Burr, William. H. 
Professor of Civil Engineering, Columbia College, and 
Consulting Engineer, New York city. 
Bush, Edward W. ; 
City Engineer’s Office, Waterbury, Conn. 


Butler, J. Allen 
Superintendent, Portland, Conn. 


Cairns, R. A. 
City Engineer, Waterbury, Conn. 
Carroll, Fred. B. 
; 8 Dexter street, Woonsocket, R. I. 
Cavanagh, John T. 
Water Commissioner, Quincy, Mass. 
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NEW ENGLAND WATER WORKS ASSOCIATION. 


Chace, George F. 
Superintendent, Taunton, Mass. 


Chadbourne, E. J. 
Superintendent, Wakefield, Mass. 


Chaffee, Fred. I. 
Superintendent, East Providence Center, R. I. 


Chandler, Charles E. 
City Engineer, 161 Main street, Norwich, Conn. 


Chandler, Charles F. 
Professor of Chemistry, School of Mines, Columbia College, 
New York city. 


Chase, John C. 
Superintendent, Wilmington, N. C. 


Childs, Wm. H. 
226 Clinton avenue, Brooklyn, N. Y. 


Clark, D. W. 
President Water Company, Portland, Me. 


Clark, Ezra 
President and Superintendent, Hartford, Conn. 


Clark, Frederick W. 
Clerk, Chestnut Hill Reservoir, Boston, W. W., Brighton, 
Mass. 


Clark, Harry W. 


State Experiment Station, Lawrence, Mass. 


Clarke, E. W. 
95 Milk St., Room 54, Boston, Mass. 


Cleaveland, W. F. 
Brockton, Mass. 


Cochran, Robert L. 
Superintendent, Nahant, Mass. 
Codd, William F. 
Superintendent, Nantucket, Mass. 
* Coffin, Freeman C. 
Civil and Hydraulic Engineer, 53 State street, Boston, Mass. 
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Coggeshall, R. C. P. 
Superintendent, New Bedford, Mass. 


Collins, Lewis P. 


Water Commissioner, Lawrence, Mass. 


Conant, H. W. 
Superintendent, Gardner, Mass. 


Conant, Whitney 
Secretary Water Co., Long Branch, N. J. 


Congdon, John L. 
_ East Greenwich, R. I. 


Connell, Michael A. 
Superintendent, St. Hyacinthe, P. Q. 


Cook, Byron I. 
Superintendent, Woonsocket, R. I. 


Cook, Henry A. 


Superintendent, Salem, Mass. 


Crandall, F. H. 


Superintendent and Treasurer, Burlington, Vt. 


Crandall, George K. 


Civil Engineer, New London, Conn. 


Crilly, P. F. 
Superintendent, Woburn, Mass. 
Croes, J. J. R. 
Civil Engineer, 68 Broad street, Morris Building, New 
York city. 


Crowell, George E. 
President Water Works, Brattleboro, Vt. 


Cushing, Lucas 
Assistant Superintendent, 710 Albany street, Boston, Mass. 


Daboll, L. E. 
Superintendent, New London, Conn. 


Darling, Edwin 
Pawtucket, R. I. 
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NEW ENGLAND WATER WORKS ASSOCIATION. 


Davis, F. A. W. 


Vice-President and Treasurer Water Co., Indianapolis, Ind. 


Davis, William E. 
Superintendent, Sherburne, N. Y. 


Davison, George S. 
Civil Engineer, Pittsburgh, Penn. 


Dean, Francis W. 
Mechanical Engineer, Exchange Building, 53 State street, 
Boston, Mass. 


Dean, Seth 


Civil Engineer, Glenwood, Iowa. 


Decker, J. H. 
Room 37, Municipal Building, Brooklyn, N. Y. 


Delisle, J. Olivier 

Civil Engineer, 443 Dorchester street, Montreal, P. Q. 
Denman, A. N. 

Secretary and Manager, Des Moines, Iowa. 


Dennett, Nathaniel 
Superintendent, Somerville, Mass. 


Denton, J. E. 
Professor of Experimental Mechanics, Stevens Institute, 
Hoboken, N. J. 


Devlin, George A. 
Asst. Engineer Boston Water Works, Marlborough, Mass. 


Diven, J. M. 
Superintencent Water Co., Elmira, N. Y. 


Doherty, Cornelius F. 
Registrar, Room 15, City Hall, Boston, Mass. 


Dolan, Edward 
Superintendent, Troy, N. Y. 


Doran, Hugh F. 
ae Superintendent, Port Huron, Mich. 


_ Dotten, William T. 
Superintendent, Winchester, Mass. 
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Drake, Albert B. 
Civil Engineer, 164 William street, New Bedford, Mass. 


Drake, B. Frank 


Water Commissioner, Lakeport, N. H. 


Drake, Charles E. 
Civil Engineer, New Bedford, Mass. 


Drown, Thomas M. 
Professor of Chemistry, Mass. Inst. of Technology, Boston, 
Mass. 


Dunbar, E. L. 
Superintendent, Bay City, Mich. 


Dyer, Eben R. 
Superintendent Distribution, Portland, Me. 


Eardley, B. A. 
Superintendent Pacific Improvement Co. Water Works, 
Pacific Grove, Monterey Co., Cal. 


Eaton, Horace L. 
City Engineer, Somerville, Mass. 


Eddy, Harrison P. 
Supt. Sewer Dept., City Hall, Worcester, Mass. 


Ellis, George A. 
Civil Engineer, 158 Sherman street, Springfield, Mass. 
Ellis, John W. 
Woonsocket, R. I. 
Ellison, W. P. 
President Water Board, Newton, Mass. 
Ervin, John 
Secretary and Treasurer Middleton Water Supply Co., 
Bridgetown, N. 8. 
Evans, George E. 
Civil Engineer, 95 Milk street, Boston, Mass. 


Fales, Frank L. 
Asst. Engineer Lawrence Experiment Station, Lawrence, 
Mass. 


Fanning, John T. 
Consulting Engineer, Kasota Block, Minneapolis, Minn. 
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NEW ENGLANI) WATER WORKS ASSOCIATION. 


Farnham, Elmer E. 
Superintendent, Box 109, Sharon, Mass. 


Farnum, Loring N. 
Hydraulic Engineer, 53 State street, Boston, Mass. 


Felton, B. R. 
City Engineer, Marlboro, Mass. 


Felton, Charles R. 
Asst. Engineer Sewerage Commissioners’ Office, Brockton, 
Mass. 


Fifield, John W. D. 
Water Commissioner, North Brookfield, Mass. 


Fiske, Wilbur D. 
Water Commissioner, Melrose, Mass. Address, 48 Arch 
street, Boston, Mass. 


FitzGerald, Desmond 
Superintendent Western Division and Resident Engineer 
Additional Supply Boston Water Works, Brookline, 
Mass. 


Fobes, A. A. 
Engineer Board of Public Works, Pittsfield Mass. 


Folwell, A. Prescott 
Civil Engineer, 1224 Betz Building, Philadelphia, Penn. 


Forbes, F. F. 
Superintendent, Brookline, Mass. 


Forbes, Murray 


Manager Westmoreland Water Co., Greensburgh, Penn. 


Forbes, Z. R. 
Water Registrar, Brookline, Mass. 


Foss, William E. 
Assistant Engineer Boston Water Works, Brighton, Mass. 


Foyé, Andrew E. 
Civil Engineer, 41 East 49th street, New York city. 
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Freeman, John R. 
Hydraulic Engineer, 31 Milk street, Room 55, Boston, Mass. 


French, D. W. 
Deputy Superintendent Hackensack Water Company, No. 1 
Newark street, Hoboken, N. J. 


Fteley, Alphonse 
Chief Engineer, Aqueduct Commissioners, 213 Stewart Build- 
ing, New York city. 


Fuller, Frank L. 
Civil Engineer, 12 Pearl street, Room 35, Boston, Mass. 


Fuller, Geo. W. 


Biologist, Lawrence Experiment Station, Lawrence, Mass. 


Gamwell, J. H. 


Treasurer Water Company, Palmer, Mass. 


Gardner, L. H. 
Superintendent Water Works Company, New Orleans, La. 


Gerhard, William Paul 
Civil Engineer, Consulting Engineer for Sanitary Works, 
_ 86 Union Square, East, New York city. 

Gerrish, William B. 
Saperintendent, Oberlin, Ohio. 


Gerry, L. L. 
Civil Engineer, Room No. 1, Chase’s Block, Stoneham, Mass. 


Gilbert, Julius C. 


Superintendent, Whitman, Mass. 


Gleason, T. C. 
Superintendent, Ware, Mass. 


Glover, Albert S. 
36 Bromfield street, Room 8, Boston, Mass. 


Goodier, Andrew B. 
Treasurer and Superintendent, Southbridge, Mass. 


Goldthwait, W. J. 
Marblehead, Mass. 
Goodnough, X. H. 
Assistant Engineer, State Board of Health, Room 140, State 
House, Boston, Mass. 
10 
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NEW ENGLAND WATER WORKS ASSOCIATION. 


Goodwin, John A. 
Box 439, Madison, Me. 


Gould, J. A. 
Constructing Engineer, Brookline Gas Lt. Co., 153 Tremont 
street, Boston, Mass. 


Gow, Frederick W. 
Superintendent, Medford, Mass. 


Gowing, E. H. 
95 Milk street, Boston, Mass. 


Greetham, H. W. 
Local Manager, Water and Sewerage Co., Orlando, Fla. 
Griffith, William E. 


Secretary Water Commissioners, Cumberland, Md. 


Groce, William R. 


Superintendent, Rockland, Mass. 


Hale, Richard A. 
Principal Assistant Engineer, Essex Company, Lawrence, 
Mass. 


Hall, Frank E. 


Superintendent, Box 124, Quincy, Mass. 


Hamilton, William | 
| 


89 Macdonnell avenue, ‘Toronto, Ont. 


Hammatt, E. A. W. 


Civil Engineer, 29 Pemberton square, Boston, Mass. 


Hammond, J. C., Jr. | 


Secretary and ‘Treasurer, Rockville, Conn. 


Hancock, Joseph C. 

Superintendent, Springfield, Mass. 
Haring, James S. 

Civil Engineer, Lock Box 74, Nyack, Rockland Co., N. Y. 
Harrington, Geo. W. 

Wakefield, Mass. 


Harrington, John L. 
Superintendent, Cambridge, Mass. 
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Harris, D. A. 


Harris, John 
21 Cherry street, Waltham, Mass. 


Hart, Edward W. 


General Manager Water Works, Council Bluffs, Iowa. 


Hartwell, David A. 
City Engineer, Fitchburg, Mass. 


Haskell, John C. 
Superintendent, Lynn, Mass. 


Hastings, L. M. 
City Engineer, Cambridge, Mass. 


Hastings, V. C. 
Superintendent, Concord, N. H. 


Hathaway, A. R. 
Registrar, Springfield, Mass. 


Hathaway, James H. 
Registrar, New Bedford, Mass. 


Hawes, Louis 


Civil Engineer, 75 State street, Boston, Mass. 


Hawes, William B. 


Superintendent, New Britain, Conn. 


MEMBERSHIP ROLL OF THE 


Water Commissioner, Fall River, Mass. 


Hawes, William M. 
Fall River, Mass. 


Hawks, William E. 


President and Treasurer, Bennington, Vt. 


Hayes, Ansel G. 


Assistant Superintendent, Box 323, Middleboro, Mass. 


Hazard, T. G., Jr. 


Civil Engineer, Narragansett Pier, R. I. 


Hazen, Allen 


Civil Engineer, 85 Water street, Boston, Mass. 


Heald, Simpson C. 


Civil Engineer, 48 Congress street, Boston, Mass. 
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Heermans, Harry C. 
Superintendent, Corning, N. Y. 


Henderson, Wilson 
Superintendent, Peterborough, Ontario, Canada. 


Hering, Rudolph 
Civil and Sanitary Engineer, 277 Pear] street, New York city. 


Herschel, Clemens 
Hydraulic Engineer, 2 Wall street, Room 66, New York city. 


Hicks, R. S. 
Secretary, Stafford Springs, Conn. Box 543. 


_ Higgins, James H. 
Supt. Meter Department, City Hall, Provideuce, R. I. 


Hill, William R. 
Chief Engineer, Syracuse, N. Y. 


Hodgson, John S. 
Wellington, Mass. 


Holden, Horace G. 
Superintendent, Nashua, N. H. 


Holman, M. L. 

Water Commissioner, 3744 Finney avenue, St. Louis, Mo. 
Hunking, Arthur W. 

Care Mass. Mills, Rome, Ga. 


Hunter, Henry G. 
Civil Engineer, John Hancock Building, Boston, Mass. 


Huntington, James A. 
Registrar, Haverhill, Mass. 


Hyde, Horatio N. 
Superintendent, Newtonville, Mass. 
Inman, A. W. 
Superintendent Water Supply Co., Massillon, Ohio. 
Jackson, Daniel D. 
Water Analyst Boston Water Works, Newtonville, Mass. 
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Jackson, William 
City Engineer, City Hall, Boston, Mass. 


Johnson, William S. 
Sanitary Engineer, Department of Health, 40 Clinton strect, 
Brooklyn, N. Y. 
Jones, A. J. 


New Brunswick, N. J. 


Jones, James A. 
Registrar, Stoneham, Mass. 


Jones, R. A. 
Civil Engineer, Spokane, Washington. 


Keating, E. H. 
City Engineer, Toronto, Ontario, Canada. 


Kempton, David B. 


Water Commissioner, New Bedford, Mass. 


Kenney, Joseph L. 
Superintendent, Lewiston, Me. 


Kent, E. W. 


Civil Engineer, Woonsocket, R. I. 


Kent, ‘Willard 


Civil Engineer, Woonsocket, R. I. 


Kieran, Patrick 
Superintendent, Fall River, Mass. 


Kimball, George A. 
Civil Engineer, Room 1102, Exchange Building, 53 State 
street, Boston, Mass. 
King, E. W. 
‘Secretary and Treasurer, Great Falls, Mont. 
Kingman, Horace 
Superintendent, Brockton, Mass. 
Kinnicut, Leonard P. 
77 Elm street, Worcester, Mass. 
Knapp, Louis H. 
’ Assistant Superintendent and Engineer, Dept. Public Works 
Bureau of Water, 280 Linwood avenue, Buffalo, N. Y. 
14 
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Koch, Harry G. 
Superintendent Castle Creek Water Co., Aspen, Colorado. 


Kuehn, Jacob L. 


Superintendent, York, Penn. 


Laforest, J. O. Alfred 
Deputy Superintendent, Montreal, Quebec. 


Laing, W. H. 


Superintendent Water Co., Racine, Wisconsin. 


Landon, H. C. 
Civil Engineer, 728 East Capitol avenue, Springfield, Ill. 


Lansing, Edward T. E. 
Civil Engineer, Little Falls, N. Y. 


Lawton, Perry 
Engineers’ office, N. Y., N. H., & Hartford R. R. Co., Provi- 
dence, R. I. 


Lea, R. S. 


Instructor Mathematies and Drawing, McGill University, 
Montreal, P. Q. 


Learned, Wilbur F. 


Assistant Engineer, Boston Water Works, Watertown, Mass. 


Leckie, R. G. Edwards. 


Constructing Engineer, Torbrook, N.S. 


Locke, James W. 


Foreman, Brockton, Mass. 
Lockwood, Joseph A. 
Superintendent, Yonkers, N. Y. 


Lovell, Thomas C. 

Superintendent. Office 104 River street, Fitchburg, Mass. 
Lowe, H. H. 

Superintendent, Clinton, Mass. 
Lusk, James L. 

Capt. Corps of Engineers, U. S. A., in charge of Water 

Supply U.S. Military Academy, West Point, N. Y. : 

Luther, William J. 

Superintendent and Registrar, Attleboro, Mass. 
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Macnair, John 
Member Water Board, Lynn, Mass. 


Mann, Charles W. 


Water Commissioner, Methuen, Mass. 


Mann, Thomas W. 
‘ Civil Engineer, Holyoke, Mass. 


Marion, J. A. 
Civil Engineer, Temple Building, Montreal, P. Q. 


Martin, A. E. 
Superintendent, South Framingham, Mass. 


Martin, Cyrus B. 
Treasurer Water Company, Norwich, N. Y. 


Martine, Alfred H. 
Consulting Engineer, Middlesborough, W. W., Kentucky.- 


Mattice, Asa A. 
Mechanical Engineer, with E. D. Leavitt, 2 Central Square, 
Cambridgeport, Mass. 


Maxcy, Josiah S. 
Treasurer, Gardiner, Me. 


McAllister, Willis E. 
Superintendent, Calais, Me. 


McClintock, W. E. 
_ Civil Engineer, Smith Building, 15 Court Square, Boston, 
Mass. 


McClure, Frederick A. 
City Engineer, Worcester, Mass. 


McConnell, B. D. 
154 Greene avenue, Cote St. Antoine, Quebec. 


McKenzie, Theodore H. 
Engineer State Board of Health, Southington, Conn. 


McKenzie, Thomas 
Engineer Water Works, Gallipolis, Ohio. 


McNally, William 
Registrar, City Hall, Marlboro, Mass. 
16 
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Merritt, D. S. 
Engineer and Superintendent Water Works, Tarrytown, 


Miller, T. D. 
Secretary, Norwich, N. Y. 


Mills, Frank H. 


Civil Engineer, Woonsocket, R. I. 


Mirick, George L. 


Civil Engineer, 49 Glen avenue, Malden, Mass. 


Molis, William 


Superintendent, Muscatine, Iowa. 


Moore, J. L. 


Superintendent, Lancaster, N. H. 


Morse, Charles W. 
Haverhill, Mass. 


Morse, James W. 
Superintendent, Natick, Mass. 


Nash, H. H., Jr. 


Civil Engineer, John Hancock Building, Boston, Mass. 


Nason, William E. 


Superintendent, Franklin, Mass. 


Naylor, Thomas 
Superintendent, Maynard, Mass. 


Nettleton, Charles H. 


Treasurer and Superintendent, Birmingham, Conn. 


Newhall, John B. 
Engineer and Superintendent, Crystal Water Co., Staple- 
ton, Staten Island. 


Nichols, Edward C. 
Water Commissioner, Lock Box 56, Reading, Mass. 


Nichols, Thomas P. 
Member Water Board, 11 Prospect street, Lynn, Mass. 
17 


| 

N. ¥. 
| 

j 


MEMBERSHIP ROLL OF THE 


Northrop, Frank L. 
Superintendent, Milford, Mass. 


Noyes, Albert F. 


Civil Engineer, 85 Water street, Boston, Mass. 


Nye, George H. 
Civil Engineer, New Bedford, Mass. 


Nye, Joseph K. 


Fairhaven, Mass. 


Paine, C. W. 


Civil Engineer, Messina, San Bernardino Co., Cal. 


Paret, Milnor P. 
Civil Engineer, of firm of Paret and Farquhar, Room 53, 
Manufacturers Record Building, Baltimore, Md. 


Parks, Charles F. 
Civil Engineer, 89 State street, Boston, Mass. 


Parsons, Frank N. 
Clerk Water Board, Franklin, N. H. 


Pease, A. G. 


Water Commissioner, Spencer, Mass. 


Perkins, John H. 


Superintendent, Watertown, Mass. 


Perry, Fred. G. 
Assistant Commissioner Public Works, Pawtucket, R. I. 


Philbin, John F. 
Water Registrar, Clinton, Mass. 


Phipps, Edward H. 
Superintendent West Haven Water Co., New Haven, Conn. 


Pickles, Fred. H. 


Superintendent and Engineer, Winona, Minn. 


Pierce, Charles E. 
P. O. Box 414, East Providence, R. I. 


Pitman, Winthrop M. 
Treas. No. Conway Water and Imp. Co. Address, 120 Tre- 
mont street, Boston, Mass. 
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Pitney, Frederic V. 


Engineer Morristown Aqueduct Co., Morristown, N. J. 
Pittman, William 
General Manager Water Works, Box 305, Jerseyville, Ll. 


Pollard, William D. 


General Manager Water Co., Pottsville, Penn. 


Porter, Dwight 
Associate Professor Hydraulic Engineering, Mass. Inst. of 
Technology, Boston, Mass. 


Potter, Alexander 
Civil and Sanitary Engineer, 137 Broadway, New York city. 


Poussin, Ludovic de la Valiée 
Constructing Engineer, P. O. Box 1144, Montreal, P. Q. 


Pratt, Charles W. 


Superintendent, Utica, N. Y. 
Rawson, Waldo E. 

Superintendent, Uxbridge, Mass. 
Reed, D. A. 

City Engineer, Duluth, Minn. 
Reynolds, E. H. 

Brockton, Mass. 
Rice, George S. 


Civil Engineer, 95 Milk street, Boston, Mass. 


Rice, James L. 
Superintendent, Claremont, N. H. 


Rice, L. Fredk. 
Architect and Civil Engineer, 125 Milk street, Boston, Mass. 
Richards, Walter H. 


Civil Engineer, New London, Conn. 


Richardson, Charles W. 


Commissioner, 8 High street, Everett, Mass. 


Ridpath, J. W. 
Secretary and Manager, Jenkintown, Penn. 
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Ries, George J. 
Superintendent, Weymouth Centre, Mass. 


Ringrose, J. W. 


Water Commissioner, New Britain, Conn. 


Roberts, Vaughan M. 
Civil Engineer, 700 and 701 Lewis Block, Pittsburgh, Penn. 


Robertson, George H. 
Superintendent of Lake George Water Co., Yarmouth, N. 8. 


Robertson, W. W. 
Water Registrar, Fall River, Mass. 


Rogers, Henry W. 
Superintendent, Haverhill, Mass. 


Rotch, William 
Civil Engineer, Room 742, Exchange Building, 53 State 
street, Boston, Mass. 


Roullier, G. A. 
Superintendent, Flushing, N. Y. 


Royce, Harley E. 


Assistant Engineer, Brookline, Mass. , 


Russell, Daniel 

Everett, Mass. 
Ryle, William 

Superintendent, Paterson, N. J. 
Salisbury, A. H. 


Superintendent, Lawrence, Mass. 


Sanborn, Willard T. 
Superintendent, 87 Portland street, Dover, N. H. 


Sanders, George O. 
President Hudson Water Works Co., Hudson, N. H. 


Saville, Caleb M. 
Civil Engineer, 44 Clarendon street, Malden, Mass. 
Sawyer, Frederick W. 


Water Registrar, Milford, N. H. 
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Sedgwick, William T. 
Professor of Biology, Mass. Inst. of Technology, Boston, 
Mass. 


Shedd, Edward W. 


Civil Engineer, 10 Hermitage lane, Worcester, Mass. 


Shedd, J. Herbert 

City Engineer, City Hall, Providence, R. I. 
Shepard, F. J. 

Treasurer, Derry, N. H. 


Sherman, William B. 


Mechanical Engineer, Box 379, Providence, R. I. 


Shippee, John D. 


Superintendent and Secretary, Holliston, Mass. 


Shirreffs, Reuben 
Consulting Engineer, 1103 Main street, Richmond, vi. 


Sinclair, Mellville A. 


Superintendent, Bangor, Me. 


Smith, Herbert E. 
Prof. Chemistry, Yale Medical School. Address, 430 George 
street, New Haven, Conn. 


Smith, H. O. 


Water Commissioner, Leicester, Mass. 
Smith, J. Waldo 

Civil Engineer, Montclair, N. J. 
Smith, Solon F. 

Superintendent and Treasurer Water Co., Grafton, Mass. 
Snow, Edwin W. 

34 Hathorne street, Salem, Mass. 


Sparks, H. T. 
Superintendent Water Department, Public Works Co., 
Bangor, Me. Address, Box 208, Brewer, Me. 


Springfield, John F. 
Civil Engineer, 64 Summer street, Rochester, N. H. 


Stacy, George A. 
Superintendent, Marlborough, Mass. 
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Stanwood, James H. 
Instructor Civil Engineering, Mass. Institute of Technology, 
Boston, Mass. 


Starr, William W. 
Civil Engineer, Room 2, City Hall, Bridgeport, Conn. 


Stearns, Frederic P. 
Chief Engineer, State Board of Health, Room 140, State 
House, Boston, Mass. 


Stoddard, S. G., Jr. 
Engineer Hydraulic Co., 207 Water st., Bridgeport, Conn. 


Stone, Charles A. 

Electrical Engineer, 4 Post Office square, Boston, Mass. 
Sullivan, Eugene S. 

Superintendent Mystic Division, Charlestown, Boston, Mass. 


Sullivan, John C. 
Water Registrar, Holyoke, Mass. 


Sutherland, D. A. 
Member of Water Board, Lynn, Mass. 
Swain, George F. 


Professor of Civil Engineering, Mass. Inst. of Technology, 
Boston, Mass. 


Swan, Charles H. 
Assistant Engineer Boston ‘Transit Commission, 60 State 
street, Boston, Mass. 


Swan, Joseph W. 
Assistant Clerk, Water Board Office, Boston, Mass. 


Swett, William P. 

Southern Pines, Moore Co., N. C. 
Tabb, William B. 

Civil Engineer, 532 Fifth street, Louisville, Ky. 
Taylor, Edwin A. 

Constructing Engineer, U. S. Hotel, Boston, Mass. 
Taylor, Frederick L. 


Engineer, Brookline Water Works, Brookline, Mass. 


Taylor, Lucian A. 
Civil Engineer and Contractor, U. 8. Hotel, Boston, Mass. 
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Tenney, Joseph G. 


‘Treasurer and Superintendent, Leominster, Mass. 


Thomas, Robert J. 


Superintendent, Lowell, Mass. 


Thomas, William H. 
Superintendent, Hingham, Mass. 


Thompson, Mackey J. 
Civil Engineer, La Crosse, Wis. Present address, ‘Thomas- 
ton, Conn. 


Thomson, John 
Hydraulic Engineer, 408 Temple Court Building, New York 
city. 
_Tidd, M. M. 
Hydraulic Engineer, 10 Tremont street, Boston, Mass. 


Tingley, R. H. 
Civil Engineer, 75 Westminster street, Providence, R. I. 
Tinkham, S. Everett 
Assistant Engineer, Engineering Department, City Hall, 
Boston, Mass. 
Tompkins, Charles H., Jr. 
Tompkins and Wiley, Civil Engineers, P. O. Box 1442, New 
York city. 
Tower, D. N. 
Superintendent, Cohasset, Mass. 
Treman, E. M. 
Superintendent and Secretary, Ithaca, N. Y. 


Truesdell, C. H. 


Civil Engineer, North Grosvenordale, Conn. 
Tryon, James E. 

Water Supply Engineer, Fire Commission, Detroit, Mich. 
Tubbs, J. Nelson 

Consulting Engineer, 405 Wilder Building, Rochester, N.Y. 
Tuttle, Arthur S. 

Civil Engineer, 345 Lafayette avenue, Brooklyn, N. Y. 


Vaughn, W. H. 


Superintendent, Wellesley Hills, Mass. 
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Walker, Charles K. 
Superintendent, Manchester, N. H. 


Walker, John 


Civil Engineer, Newmarket, N. H. 


Walker, Sidney G. 


Civil Engineer, 31 Milk street, Room 55, Boston, Mass. 


Wallace, E. L. 
Superintendent, Franklin Falls, N. H. 


Warde, John S. 


Superintendent Staten Island Water Co., West New 


Brighton, Staten Island, N. Y. 
Wardsworth, A. R. 


Civil Engineer, Farmington, Conn. 


Warren, H. A. 
Superintendent, St. Albans, Vt. 


Watters, Joseph 


Water Commissioner, Fall River, Mass. 


Webster, F. P. 
Superintendent, Lakeport, N. H. 


Welch, J. Alfred 

Meter Inspector, Taunton, Mass. 
Westcott, George P. 

Treasurer Portland Water Co., Portland, Me. 


Wheeler, Elbert 
37 East Pearl street, Nashua, N. H. 


Wheeler, Warren B. 
Assistant City Engineer, Fitchburg, Mass. 
Wheeler, William 


Civil Engineer, 89 State street, Boston, Mass. 


Whipple, George C. 


Biologist, Boston Water Works, Brighton, Mass. 


Whitcomb, W. H. 
President Water Company, Norway, Me. 


Whitham, Jay M. 
Mechanical Engineer, 131 South Third street, Philadelphia, 


Penn. 
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Whitman, Herbert T. 


Civil Engineer, 85 Devonshire street, Boston, Mass. 


Whitney, John C. 


Water Registrar, West Newton, Mass. 


Whittemore, W. P. 
Superintendent Electric Light and Water Depts., North 
Attleboro, Mass. 


Whittier, Herbert F. 


253 Jackson street, Lawrence, Mass. 


Wigal, James P. 


Superintendent and Engineer, Henderson, Kentucky. 


Wilcox, William C. 
Waltham, Mass. 


Wilde, George E. 


Menominee, Mich. 


Wilder, Frederick W. 
Treasurer Aqueduct Co., Woodstock, Vt. 


Williams, William F. 
City Engineer, New Bedford, Mass. 


Winship, Horace B. 


Civil Engineer, Norwich, Conn. ° 


Winslow, Frederic I. 
Assistant Engineer, City Engineer’s office, City Hall, Bos- 
ton, Mass. 
Winslow, George E. 
Waltham, Mass. 
Winslow, S. J. 
Superintendent, Pittsfield, N. H. 
Wiswall, E. T. 


Water Commissioner, West Newton, Mass. 


Wood, Henry B. 
Executive Engineer Street Department, Room 47, City Hall, 
Boston, Mass. 
Woodruff, Timothy 


Superintendent, Bridgeton, N. J. 
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Woods, Henry D. 
City Engineer, West Newton, Mass. 


Worthington, E., Jr. 

Civil Engineer, 342 Exchange Building, Boston, Mass. 
Wright, George W. 

Chief Engineer, Box 426, Norfolk, Va. 
Wright, Luther C. 


Superintendent, Northampton, Mass. 


Yates, Richard R. 
Superintendent, Northboro, Mass. 


Yorston, W. G. 
Constructing Engineer, Box 478, Truro, N.S. 


Zick, W. G. 
29 Broadway, Room 198, New York city. 


HONORARY MEMBERS. 


Frost, George H. 
Engineering News, Tribune Building, New York city. 


Gale, James M. 
Engineer-in-Chief, Loch Katrine Water Works, Glasgow, 
Scotland. 


Jones, E. R. : 


561 Shawmut avenue, Boston, Mass. 


Meyer, Henry C. 
The Engineering Record, 277 Pearl street, New York city. 


4 
Shepperd, F. W. 
Fire and Water, Box 128, 93 and 97 William street, New 
York city. 


ASSOCIATE MEMBERS. 


Allis, The Edward P. Co. 

** High Duty Pumping Engines,” Milwaukee, Wis. 
Ashton Valve Co. 

‘Water Relief Valves,” 271 Franklin street, Boston, Mass. 


Betton, James M. 
Agent H. R. Worthington, 70 Kilby street, Boston, Mass. 
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Blake, The George F. Mfg. Co. 
‘Pumping Engines,” 95 and 97 Liberty street, New York 
city. 
Boston Lead Mfg. Co. 
162 Congress street, Boston, Mass. 
Brandt, Randolph 
“Selden Patent Packing,” 38 Cortlandt street, New York 
city. 
Brewster, H. M. (E. Stebbins Mfg. Co.) 
‘Brass Goods,” Brightwood P. O., Springfield, Mass. 
Chadwick Lead Works 
176 to 184 High street, Boston, Mass. 
Chapman Valve Mfg. Co. 


‘Valves and Hydrants,” Indian Orchard, Mass. 


Coffin Valve Co. 
“Valves and Hydrants,’’ Neponset, Boston, Mass. 
Crawford, M. H. 


The Radford Pipe and Foundry Co. of Radford, Va. ‘Cast 
iron pipe.” Address, 523 Exchange Building, Boston, 


Mass. 
pid Steam Gage and Valve Co. 


“Gages, Valves, ete.,” Robert Pirie, Manager, N. E. Sales 
Dept., 93 Oliver street, Boston, Mass. 


Davidson, M. T. 
‘Steam Pumps,” 43 and 53 Keap street, Brooklyn, N. Y. 


Deane Steam Pump Co. 
“Steam pumps and pumping machinery,” Holyoke, Mass. 


Drummond, M. J. 


“Cast Iron Pipe,” 192 Broadway, Corbin Building, New 
York city. 


George C. 
Manager Portland Stoneware Co., 42 Oliver street, Boston, 
Mass. 
Eagle Oil and Supply Co. 
100 Broad street, Boston, Mass. 


Edson, Jarvis B. 
‘*Pressure Recording Gauges,” 87 Liberty street, New York 
city. 
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Eglee, Charles H. 
Contractor, Flushing, N. Y. 


Eglee, E. Eugene 
Contractor, 103 West Seventy-seventh street, New York 
city. 


Fairbanks Co., The 
‘Valves,’ 77 and 79 Milk street, Boston, Mass. 


Frost & Adams 


‘*Architects’ Supplies,” 37 Cornhill, Boston, Mass. 


Fuel Gas and Manufacturing Co. 
“Water Meters,” Pittsburgh, Penn. 


Gallison, William H. 
‘*Engineers’ Supplies, Pipe, etc.,” 36 Oliver street, Boston, 
Mass. 


General Manufacturing Co. 
‘“‘Pumping Engines and Hydraulic Specialties,” 417 Frank- 
lin avenue, Brooklyn, N. Y. 


Gilchrist & Taylor 


**Pipe and Fittings,” 106 High, corner Congress street, Bos- 
ton, Mass. 


Giles, Jason 
Chapman Valve Mfg. Co,, ‘Valves and Hydrants,” Indian 
Orchard, Mass. 


Harris, William A. 

Selling Agent he Pratt & Cady Co., Hartford, Conn. 
Hawkins, F. B. 

‘Cast Iron Pipe,” 29 Broadway, New York city. 
Hersey Manufacturing Co. 

“Meters,” South Boston, Mass. 
Holly Manufacturing Co. 

‘Pumping Machinery,”’ Lockport, N. Y. 
Holyoke Hydrant and Iron Works 

““Hydrants,” Holyoke, Mass. 


Hydraulic Construction Co., The 
‘Well Plants,’ Wm. D’H. Washington, General Manager, 
Rooms 46 and 47, 145 Broadway, New York city. 
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Jackson & Woodin Mfg. Co. 


“Cast Iron Pipe,” Berwick, Penn. 


Jenkins Bros. 
‘*Valves and Packing,” 105 Milk street, Boston, Mass. 


Jenks, Henry F. 


‘Drinking Fountains,” Pawtucket, R. I. 


Johns, H. W. Manfg. Co., Eastern Branch 


‘*Asbestos Materials,” 119 Federal street, Boston, Mass. 


King & Goddard 
‘*Pipe and Fittings,” 64 and 66 Pearl street, Boston, Mass. 


Ludlow Valve Mfg. Co. 
‘*Valves and Hydrants,” Troy, N. Y. 


Lynch, John E. 
Proprietor *“*E. Hodge & Co., Stand Pipes,” East Boston, 
Mass. 
McNeal Pipe and Foundry Co., The 
Wilmer Reed, Selling Agent, Burlington, N. J. 


Metropolitan Meter Co. 
‘“*Water Meters,” 163 Fort Hill square, Boston, Mass. 


Michigan Brass and Iron Works 
‘Valves, Hydrants, and Brass Goods,” C. Lynch, Agent, 
Detroit, Mich. 


Millar, Charles & Son 
Selling Agents, Utica Pipe Foundry Co., Utica, N. Y. 


Morison, Samuel L. 
The Morison-Jewell Filtration Company, 26 Cortlandt 
street, New York city. 


Morris, I. P. Co. 
’ “Pumping Engines,” corner Beach and Ball streets, Phila- 
delphia, Penn. 


National Lead Co. (Boston Branch) 


234 Congress street, Boston, Mass. 


National Meter Co. 
‘*Meters,”’ 298 Broadway, New York city. 
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National Tube Works Co. 
“Pipe and Fittings,’ McKeesport, Pa. Address P. W. 
French, Secretary, 70 Federal street, Boston, Mass. 
Neptune Meter Co. 
‘Trident Water Meters,” 253 Broadway, New York city. 
New York Filter Co. 
“Filters,” 145 Broadway, New York city. 
Nye, Walter B. 
‘Warren Filter,’ 220 Devonshire street, Boston, Mass. 
Peck Bros. & Co. 
‘*Water Works Supplies,” 65 Oliver street, Boston, Mass. 
Peet Valve Co. 
“Valves,” 163 Albany street, Boston, Mass. 
Perrin, Seamans & Co. 
**Construction Tools and Supplies,” 57 Oliver street, Bos- 
ton, Mass. 
Ranton, William J. 
1300 1st North street, Syracuse, N. Y. 
Rensselaer Mfg. Co. 
“Valves and Water Gates,” Troy, N. Y. 
Roberts, C. E. 


Hartford Steam Boiler Inspection and Insurance Co., 125 
Milk street, ‘Telephone Building, Boston, Mass. 
Robertson, R. A. 
Treasurer Builders Iron Foundry, P.O Box 218, Providence, 
R. I. 


Ross Valve Co. 
Valves,” Troy, N. Y. 
Ryder, N. F. 
“Varnish,” Middleboro, Mass. 
Sampson, George H. 
‘“*Powder,” 147 Pearl street, Boston, Mass. 
Schnee, Alexander E. 
“Pohlé Air Lift Pumps,” 253 Broadway, New York city. 
Smith, Anthony P. 
‘Tapping Machines,” 921 Prudential Bldg., Newark, N. J. 
Smith, Benjamin C. 
‘“*Water Works Supplies,”’ 275 Pearl street, New York city. 
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Snow, Franklin A. 
Civil Engineer and Contractor, 490 Broad street, Provi- 
dence, R. I. 
Snow Steam Pump Co., The 
‘Steam Pumps,” 106 Liberty street, New York city. 
Standard Thermometer Co. 
‘Electric Indicators,” Peabody, Mass. 
Star Pipe Jointer Co. 
‘*Pipe Jointers,” Quincy, Mass. 
Sumner & Goodwin 
‘‘Water Works Supplies,” 21 Oliver street, Boston, Mass. 
Talcott, C. W. 
**Contractor,’’ Woonsocket, R. I. 
Taunton Locomotive Manufacturing Co. 
‘*Founders and Machinists,” ‘l'aunton, Mass. 
Temby, H. B. 
Agent ‘‘Repauno Chemical Co.,” 13 Broad street, Boston, 
Mass. 


Thomson Meter Co. 
‘*Water Meters,” 83 Washington street, Brooklyn, N. Y. 


Union Water Meter Co. 


‘*Water Meters,” 31 Hermon street, Worcester, Mass. 


Waldo Bros. 


**Contractors’ Supplies,” 88 Water street, Boston, Mass. 


Walworth Mfg. Co. 
‘Pipe, Brass Work, Service Boxes, etc.,” 16 Oliver street, 
Boston, Mass. 


Wolfendale, Wm. 
Agent Plumbers’ Supplies, 76 Second street, Fall River, 
Mass. 


Wood, R. D. & Co. 


“Cast Iron Pipe,” 400 Chestnut street, Philadelphia, Penn. 


Woodman Co., The George 
“Pipe and Fittings,” 41 Pearl street, Boston, Mass., P. O. 
Box 3653. 
Worthington, H. R. 
“Pumping Engines,” Hydraulic Works, South Brooklyn, 


N. ¥. 
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The Leading Water Meter Mannfacturers of the World ! 


CROWN. 


The Standard Meter for 
General Service. (os 


The Only “ Disc” Meter With Metal- 
Strengthened Piston. 


OVER 148,000 METERS IN SERVICE. 


NATIONAL METER CO. 


298 Broadway, New York. 
318 Dearborn St., Chicago. 159 Franklin St., Boston. 


JUNE, 1895. 


s.d.m. j. 
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ADVERTISEMENTS. 


WORTHINGTON 
WATER METER. 


Used by the Water Companies of the United 
States and Canada for over FORTY 
YEARS and pronounced by them 


“UNEQUALLED FOR ACCURACY AND DURABILITY.” 


All parts con- ( 7 Positive in 


structed of Iron ————> operation. 
and Brass. 


The Counter Simple in 


movement is not >). construction. 
the action of the Accurate in 
Water. Registration. 


Hot Water Meters, Oil Meters, Meters for Naph- 
tha, Akaline Liquors and Special Services. 


For New Catalogue and Prices call on or address 


HENRY R. WORTHINGTON, 


NEW YORE, 
86 and 88 Liberty Street, 


BOSTON. PHILADELPHIA. CHICAGO. 
70 Kilby Street. 607 Arch Street. 185 to 189 Van Buren St. 


CLEVELAND. ST. LOUIS. 
24 South Water Street. Eighth and St. Charles Street. 


HYDRAULIC WORKS 
BROOKLYN, N. Y. and ELIZABETHPORT, N. J. 


Established 1845. 
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——-- 
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8. d.m, j. 
| 
| 


WATE 


ADVERTISEMENTS. 


HERSEY DISC, 


ETERS 


Water Works Applianees. 


ur goods are scattered throughout the Worip and have 
reached nearly every department in the United States 
where meters are used. 


ite 


e have established Agencies for the convenience of distant 
customers as follows : 


CHICACO: ST.LOUIS: 
Jas. B. Clow & Son. N. O. Nelson Mfg. Co. 
NEW ORLEANS: SAN FRANCISCO. 
New Orleans Railway Dunham, Carrigan 
& Mill Supply Co. (Ltd.) & Hayden Co. 


We should be pleased to furnish you 
our Price List and Illustrated 
Catalogue on application. 


Manufacturing Co, 


South Boston, Mass. 
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ADVERTISEMENTS. 


THOMSON METER 


79-83 WASHINGTON ST., BROOKLYN, N. Y. 


Yearly Record of Meters SOLD. 


To January 1, 1891 10,903 
-In 1891 10,564 
12,564 

12,604 
12,814 


Meter No. 50,000 was stamped March 31, 1894. 
Meter No. 64,925 was stamped May 31, 1895. 


SECTION OF THE a INCH SIZE BEE METER—HALF SIZE. 


FIRST PRIZE, PARIS EXPOSITION, 1889; CHICAGO, 1893, 


Catalogue and Price List Furnished on Application. 


s.d.m.j. 
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CNION WATER "Sectional Cut. 
+ METER 


WORCESTER, 
MASS. 


N 
N 
N 


ESTABLISHED IN 1868. 


Showing 5-8’ 
Union Rotary Piston Meter. 


Manufacturers of the METER 
most extensively used on Hy- 
draulic Elevators, Locomotive 
Stand Pipes, &c., 


‘020 pues 


Sizes 4 inches to 16 inches. 


Water Pressure Regulator. 


The only positive Automatic Water Pressure Regulator in the 
market. We have never had a failure. 
s.d.m.j. Write for Lithotype, etc. 


~ 
=) 7 
Extra Heavy Rotary Piston Meter. lg 
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SIMPLE IN CONSTRUCTION. 


ACCURATE. 


Write 
facturers : 


8. d. mj. 


INGHOUSE WATER 


LOW IN PRICE. 


DURABLE. 


The dial made to indicate the measurement either in gallons 
or cubic feet as may be desired. All the claims which we make 
for this Water Meter will be fully sustained, and we invite 
Water Companies and Water Departments to make a personal 
examination and test of it, for which we will be pleased to furnish 
a reasonable number of meters on sixty days’ trial, after which 
they may be paid for or returned. 


for descriptive circular and price list to the manu- 


Fuel Gas and Manufacturing 


PITTSBURG, PA. 
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WALWORTH MF’G CO., 


BOSTON. 
NEW YORK OFFICE, 56 BEEKMAN STREET. 


MANUFACTURE AND CONTROL 


The Hall Tapping Machine. 


Without an Equal. Three Machinesin One. Endorsed by All Who Have Used It. 
—ALSO— 


THE SIMPSON THAWING MACHINE. 


The only complete and successful apparatus for Thawing Service Pipes. 
Special Circular on application. 


Wrought and Cast Iron Pipe and Fittings. Brass Work of All Kinds 
Water, Steam and Gas Fitters’ Tools and Supplies. 


Extension Shut-off Boxes. Straight-way and Hydrant Valves a Specialty. 
Miller’s Rachet Pipe-Cutting and Threading Tools, &c. 


s. d. m. j. 
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ADVERTISEMENTS. 


PECK BROS. & CO., 


MANUFACTURERS OF 


BRASS GOODS EVERY DESCRIPTION 


WATER, CAS AND STEAM. 


We make a specialty of Tested and first-class goods in Brass 
for Water Companies. 


127 Chestnut Street, New Haven, Conn. 


47 Cliff St., New York. 259 Wabash Ave., Chicago, Ll. 
65 and 67 Oliver St., Boston, Mass. 


d.m.j.s. 


TATHAM & BROTHERS, 


STANDARD LEAD PIPE, 


TIN LINED LEAD FIPE, 


BLOCK TIN PIPE, SHEET LEAD, BAR LEAD, 

LEAD TRAPS, DROP AND BUCK SHOT, 
BLOCK TIN, PIG LEAD, SOLDER. 

82 Beekman St., - - - NEW YORK. 


s.d.m.j. 


R 
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ADVERTISEMENTS. 


CHADWICK LEAD WORKS, 


Nos. 176, 178, 180, 182 and 184 HIGH STREET (Fort Hill Square) 


BOSTON, MASS., 


——- MANUFACTURERS OF AND DEALERS IN—— 


| LEAD PIPE, TIN PIPE, SHEET LEAD, 


SHEET TIN, RIBBON AND TAPE LEAD, 


WHITE LEAD, Dry and in Oil, RED LEAD, 


LITHARGE, COPPER AND IRON PUMPS, 


SOLDER, PIG LEAD, PIG TIN, Etc., Etc. 


s@~Lead encasing Electric Cables and Wires a Specialty. 


PROPRIETORS OF 


THE FOREST RIVER LEAD WORKS, 


SALEM, MASS. 


Correspondence with Water Works solicited. 


s.d.m.. 
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ADVERTISEMENTS. 


SAMUEL LITTLE, President. 


Boston Lead Manufacturing Company, 


Corner of Congress and Franklin Streets, 


BOSTON. 180 and 182 Franklin St. 


MANOFACTURERS OF 


CAF 


Red Lead and Litharee Patent Tin-Lined Lead Pipe, 


PURE BLOCK TIN PIPE. 
Lead Pipe and Sheet Lead. 


ALSO DEALERS IN 


Pig Lead, Pig Tin, Solder, Pumps, Ete. 


WILLIAM J. BRIDE, Treasurer. 


162 Congress St. 


s.d.m.j 


Rensselaer Manufacturing Co. 
TROY, N. Y., 


Manufacturers of Valves and Gates 


—FOR— 


Water, Gas, 
Steam, Oil, Etc. 


The only Water Gate of recent invention to 
meet the ENTIRE APPROVAL, where used, of 
Water Works Superintendents and Hydraulic En- 
gineers. 

Our entire attention devoted to this line of 
work. 


Boston Office and Warehouse, 


GILCHRIST & TAYLOR; 
106 High St., Boston, Mass. 
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CROSBY STEAM GAGE AND VALVE 6O,, 


SOLE PROPRIETORS AND MANUFACTURERS OF 


CROSBY POP SAFETY VALVES and WATER RELIEF VALVES; 


CROSBY Improved Steam Gages; CROSBY Steam Engine Indi- 
cators, with Sargent’s Electrical Attachments; 


BOSWORTH FEED WATER REGULATORS ; 
Patent Gage Testing Apparatus ; 


SOLE LICENSEES AND MANUFACTURERS OF 
Branden Patent Pump Valves, 
(Rubber with Wire-coil Insertion.) 

SOLE AGENTS FOR 


Clark’s Linen Fire Hose and Couplings. 
Engine, Boiler, Mill and 
Fire Department 


Wares Rewier Supplies. 
VALVE. 


Office and Works, - BOSTON, MASS. 


Branches- New York, Chicago and London, Eng. 


s.d.mj. 


THE LUDLOW VALVE MFG. CO., 


MANUFACTURERS OF 


This hydrant is anti-freezing, because when the 
drainage is good no water is left in it to freeze. 
The drip is directly in the bottom of the hydrant 
and drains perfectly. It is protected by its 
valve, which never leaves its socket and 
cannot be clogged. 


DOUBLE AND 
SINGLE GATE 


Valves. 


—aALso— 


Check Valves, 
Foot Valves, 


Wa 277 Tt. 
Ofice and Works: 938 t0954 River and 67 to 83 Vail Ave.. Troy, 


ADVERTISEMENTS. 


CHAPMAN VALVE MANUFACTURING CO., 


—MANUFACTURERS OF— 


VALVES AND GATES KOR WATER, 


Bell End Water Cate. 


N 
N 
H 
N 


Section Drip Valve. 


T BOSTON 


Hydrant. ALL WORK GUARANTEED. 


General Manager’s Office and Works, Indian Orchard, Mass. 
s.d.m.j. Treasu rer’s Office, 72 Kilby Street, Boston. 
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ADVERTISEMENTS. 


MANUFACTURERS OF THE 


Double Gate Peet Valves, 


Valves for all purposes Made to Order. 


PEET VALVE CoO., 


a> 
= 
a> 


Special 


Peet Valve 


163 Albany St., 


Boston, Mass. 
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ADVERTISEMENTS. 


R. D. Woop & Co. 


Engineers, 
Iron Founders, 


and Machinists. 


Office: 400 Chestnut Street, Philadelphia. 


Vv 


onstructors 
3 of 


Water «© Gas Works. 


MILLVILLE, 
FLORENCE, bs. J. 
CampEy, 


MANUFACTURERS 


IRON PIPE 


. TURBINE WHEELS, 


Pumping Machinery, 


Hydraulic Cranes, 


Lifts and Machinery, 


Heavy Loam Castings, 


“Eddy” Valves, 


“Mathews’” Hydrants 


4 FIRE HYDRANT 
Wir CRANE ATTACHMENT FOR SPRINKLING CART. 


8.d.m.j. 
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ADVERTISEMENTS. 


C. H. Zeunver, President. Wan. F. Lowr _—_ retary and Treasure 
Frep’« H. Eaton, Vice President, H. F. GLE Man nager 


Iron Gas and Water Pipe, 


THE JACKSON & WOODIN MFG. C0., 


Special Castings, Lamp Posts, Car Wheels, 
Cars, Merchant Iron and 


Forgings. 
BERWICK, COL. CO., PENNA. 


GEORGE ORMROD, Joun Donaupson, Pre 
Manager and Treas., Emaus, Pa. Betz Bu ildin 6 ” Phila. ; Pe 


EMAUS PIPE FOUNDRY. 


DONALDSON IRON CO., 
* PIPE, 


FOR WATER AND GAS. 


SPECIAL:CASTINGS. 
Also FLANCE POSTS, Etc. 


Emaus, Pa. 


Joun DoNALpson, 
Manager & Treasurer, EMAUS, Lehigh Co., Paw Phita., Pa. 
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ADVERTISEMENTS. 


ESTABLISHED 1856. 


Warren Foundry Machine Co, 


WORKS AT PHILLIPSBURG, NEW JERSEY. 


Sales Office, 160 Broadway, New York. 
Cast Iron, Water and Gas 


PIPE, 


From 3 to 48 Inches Diameter. 
~=+ALL SIZES OF FLANGED PIPE} 


— AND— 


SPECIAL CASTINGS. 


BUILDERS’ IRON FOUNDRY 
PROVIDENCE, R. I. 


Clobe Special Castings for Water Works. 


Preferable as regards strength, first cost, and convenience in handling. 


J. DRUMMOND, Sales Agent, 
192 Broadway, New York City. 


s.d.m.j. 
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Pipe and Foundry Go, 
BURLINGTON, N. J. 

IRON PIPES, 
WATER AND GAS. 


18. 
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ADVERTISEMENTS. 


THE FILTRATION OF PUBLIC WATER SUPPLIES, 
By ALLEN HAZEN. 


Contents. 
CuaPter I. Introduction. CuapTeR VI. Theory and Efficiency of Filtration. 
« II, Continuous Filters and their Construc- “ VIL. Intermittent Filtration. 
tion. “ VIII. Other Methods of Filtration. 
“ Ill, Filtering Materials. = IX. Cost and Advantages of Filtration. 
«IV. Rate of Filtration and Loss of Head. « X. Conclusions, 
~=Cleaning Filters. 
With 10 Appendices and Index. 


8vo. Cloth, $2.00. 


Johan Willey &Soms, - - New York. 
i. 


: Every Water Works Engineer, Superintendent and Draughtsman to 
remember that our stock of Mathematical Instruments, T Squares 
WANTED Triangles, Scales, Measuring Tapes, Drawing Papers, Tracing Cloths, 
Blue Print Paper and Cloth, Direct Black Print Paper, etc., is the 

largest and most complete to be found in the country. 


jes Write us when in need of 
Chesterman, Excelsior, Eddy, 
Lufkin, or Paine Steel or Metal- 
lic MEASURING TAPES. 


Drawings Mounted and Fram- 
ed. 


BLUE PRINTING A 
SPECIALTY 


Orders and Inquiries Solicited. 


FROST & ADAMS, Importers, 


37 Cornhill, Boston, Mass. 


J#Send for New Catalogue. s.d.m.j. 
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Deane, 


OF HOLYOKE, 


STEAM 


Water Works 


Daily Pumping Capacity of Deane Water Works 
Engines in Service, 


Over 625,000,000 Gallons. 


For Illustrated Catalogue write 


The Deane Steam Pump Co., 


HOLYOKE, MASS. 
New York, Boston, Chicago, Philadelphia, 
St. Louis, Denver. Birmingham, Ala. 


t.f. 
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ADVERTISEMENTS. 


The Edward Allis Company, 


MILWAUKEE, WIS. 


HIGHEST DUTY EVER RECORDED 


Atuis TRIPLE Expansion ENGINE. 


HIGH DUTY PUMPING ENGINES, 


TRIPLE EXPANSION AND COMPOUND. 


Special SEWAGE and DRAINAGE PUMPS, 


BUILDERS OF 


Reynolds’ Corliss Engine 


d.m.j.s. FOR ALL POWER PURPOSES. | 
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‘Selden Packing: Knowles Steam Pump Works, Pumping Machinery; George F. Blake 


ADVERTISEMENTS. 


FOR USE IN 


Artesian Wells, 
Water Works, 
Sewerage Systems. 


THE POHLE AIR-LIFT PUMP. 


SEE ENGINEERING NEWS, JUNE 8, 1893. 


A Pump for AJ] Duties in Ice Factories, Chemical Works, Tanneries , Breweries, Paper Mills, 
Sugar and Oil Refineries. 


ii is a cheap, simple and reliable pump, never fails to catch water. 

‘never gets out of order, and pumps hot liquids as well as it does cold. 
The only pump in the world acting without valves, pistons, rods, buck- 
ets, plungers, springs or other moving parts. It effects a saving of fuel 
expenses of 50 per cent. or more over any other deep well pump, and is 
capable of delivering up to six times the quantity of water from artesian 
wells over any deep well pump. 


Alexander E. Schnee, Sales Agent, 
Postal Telegraph Bldg.. NEW YORK: P. O. Box 2143. 
Licensee for U. S. s. d. m. j. 


RANDOLPH SRANODT, 


38s 


Cortlandt St. 


MANUFACTURERS OF THE 


SELDEN PATENT PACKING 


(With and without Rubber Core), 
For Stuffing-Boxes on Plungers, Piston-Rods, 
and Valve-Stems. 


These packings are made of carefully selected materials, FREE FROM GRIT, and are 


SELF-LUBRICATING AND ELASTIC. 


The following are a few of the representative houses who use and recommend the 


Me Co., Pumping Machinery; The Jno. H. McGowan Co., Pumping Machinery; Geo. 
J. Roberts & Co.. Pumping Machinery; The Hooven Owens & Rentschler, Hamilton 
Corliss Engines; The Ritchie & Dyer Co., Stationary and Portable Engines. 


s.d.m.j. 
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ADVERTISEMENTS. 


THE GOULD PACKING Co. 


G 0 U L D ’ 5 IF YOU WANT THE BEST, GET 


eave f me. STEAM and WATER 


| PACEING. 
6 AC KING. THE ORIGINAL RING PACKING. 


Buyers will see that our name, Gould’s Steam and Water Packing, our 
Trade Mark and Date of Patent is stamped on every package. UNLESS 
SO STAMPED THEY ARE IMITATIONS. 


In ordering be careful to give the 
EXACT diameter of stuffing-box and 
of piston-rod or valve-stem. 


88 Cambridge Street, sune 1, 1880, 
si 
8. m. j. 


a TRADE 
| 
| 
| 
Stanos Every Test, CW) 
UNIFORM IN Quauity 
: s.d.m.j. 
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ADVERTISEMENTS. 


BOSTON + BELTING +CO., 


ORIGINAL MANUFACTURERS OF ALL KINDS OF 


VULCANIZED INDIA-RUBBER GOODS. 


ESTABLISHED 1828. 


Factories of the Boston Belting Company, Boston, Mass., U. S. A. 


OLDEST AND LARGEST MANUFACTURERS iN THE WORLD 


| 


RUBBER BELTING. RUBBER PACKING. 
WAREROOMS. 


| Also Manufacturers of 
all other articles of 
VULCANIZED 
INDIA RUBBER 
‘for Mechanical 
and Manufacturing 
purposes. 
RUBBER VALVES 
of all descriptions 


BOSTON. 


for 
Hydrants, Pumps, . 100 Chambers Street, 


RUBBER HOSE. 
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ADVERTISEMENTS. 


BERLIN IRON BRIDGE CO. 


CHAS. M. JARVIS, Pres. and Chf. Engr. B. K. FIELD, Vice-Pres. 
GEO. H. SAGE, Sec’y. F. L. WILCOX, Treas. 


The above illustration is taken direct from a photograph and shows the construction 
of a Traveling Crane placed by us in the Machine Shop of the National Meter Co., at 
Brooklyn, N. Y. The building is the usual construction of brick walls with wooden 
posts supporting wooden floors. The crane girders are attached to wooden posts, and the 
Crane has a travel the full length of the building between the posts. The plan commends 
itself where parties desire to control a limited floor space in a building already built. 


The above illustration taken direct from a photograph, shows the construction of a 
Parabolic Truss Bridge designed and built by us between the.cities of Saco and Bidde- 
' ford, Maine. The bridge consists of six spans of 55 feet each with a roadway 22 feet 
wide in the clear, and one sidewalk 8 feet wide in the clear. 


Engineers, Architects § Builders in Iron. 


J#-Send for our New Illustrated Catalogue. 


Office and Works, EAST BERLIN, CONN. 
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| ADVERTISEMENTS. | 


57 Oliver Street, BOSTON, MASS. 


Manufacturers of and Dealers in 


Supplies for Water Works Construction. 


= FURNACES | 


No, 1—Size 15 
in, x20in.; Ca- 
pacity 100 Ibs. 
For repairs. j 


No. 2—Size 28 | 
x 20; capacity | 
300 Jbs. 

Not mounted. 


No. 3—Size 28 
x 24; capacity 
500 Ibs. 

Like the cut. 


Caulking Hammers and Chisels. 
Jute Packing, Ladies, Lanterns. 


Picks, Shovels, Hammers and Bars. 
Diaphragm, Centrifugal and Pulsometer Pumps. 


Cowing’s Pipe Jointers. 


For use in Simple, 
making joints a Durable, 
in Cast Iron Practical. Py 
Pipe. 
They do away For all sizes of 
with the old Pipe up to 
Clay Roll. 48” diameter. 


SEND FOR CATALOGUE. d.mj. 
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